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ENGLAND 


* gives profound muscular 
relaxation for 2 to 6 minutes 


ok allows rapid return of spontaneous 
respiration and normal muscle 
tone, after use 


* does not release histamine nor 
produce bronchospasm 


is free from toxic effects 


may be used with safety with 
all known anmsthetic agents 


46 reduces the risk of bone-fracture 
during E.C.T. 


Scoline contains 50 me. succiny!l- 
choline chloride in each c.c. Supplied 
in ampoules of 2¢.c. in boxes of Sand 
100 ampoules and in rubber-capped | 
vials of 10 0.0. 


STANDARD REFERENCE CARD ON APPLICATION 


Manufactured in Englandby ALLEN & HANBURYS LIMITED LONDON E2 


Hed i 
| for deep but contro//ed relaxation a 
| 
ate 


announcing 


TRADE MARK 
PHENAZOCINE (NIM 7519) 
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... used every day to ease pain and save lives 


new synthetic analgesic 


more powerful than morphine 


NARPHEN is chemically 2’-hydroxy-5,9-dimethy]- 
2-phenethyl-6,7-benzomorphan; its ‘Approved Name’ 
is phenazocine. 


NARPHEN is a quick-acting and potent analgesic 
that is more powerful than morphine and pethidine. 
Early reports show that Narphen is from 3 to 10 times 
more effective an analgesic than morphine. 


BIBLIOGRAPHY 


NARPHEN produces less respiratory depression, _ |. Eckenhoff, J. E., Anesthesinlogy, 


less hypotension, and less nausea and vomiting than _—!959. 28, 355-8. 

. 2. Eddy, N. B., Murphy, J. G., and 

morphine. May, E. L., J. Org. Chem., 1957, 22, 
1370-2. 


NARPHEN appears to produce addiction more — 3, may, EL. and Eddy, N.B., J. Ore. 
slowly than morphine and the effects of withdrawal = Chem., 1959, 24, 294-5. 


are less intense. 4. Clarke, E. G. C., Nature, 1959, ; 
184, 451. 
5. Eddy, N. B., (Sixth Lister Memo- 

NARPHEN is available in boxes of 10 and 100 a aaa tiene 


ampoules each containing 2 mg. per 1 ml. ampoule. 1959, No. 47, 1467. 


NARPHEN is subject to the Dangerous Drugs Regulations 
Smith & Nephew Pharmaceuticals Limited 
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Cyprane 
specialise in 
PRECISION ANAESTHETIC APPARATUS 


The present standard products are as follows: — 
@ CALIBRATED VAPORIZERS for volatile anaesthetic agents. 


FLUOTEC .. for “Fluothane” 
(standard range 0-5%—4-0% ). 
TRITEC ... for “Trilene” 
(standard range 0-5%—1-5%) 
CHLOROTEC ... for Chloroform 
(standard range 0-:5%—5-0%). 
AZEOTEC ins ... for the azeotropic mixture of “Fluothane” 
with ether. 


@ TECOTA MARK 6 INHALER for analgesia set to give 05% Trilene in air 
and approved for use by Midwives. 


@ THE CYPRANE INHALER .__ for “Trilene” analgesia in midwifery and minor 
surgery. 


@ A.E. GAS-OXYGEN Apparatus for the administration of nitrous oxide/oxygen 
(range 0—100% ) in Dental and General 


anaesthesia. 


@ BRADFORD VAPORIZER ..__ for re-inforcing dental gas with “Trilene” or 
“Vinesthene” from ampoules. 


Cyprane Limited 
HAWORTH, KEIGHLEY, YORKSHIRE 
(Telephone: Haworth 3286) 


“Trilene” and “Fluothane™ are the registered trade marks of Imperial Chemical Industries Ltd.. 
and “Vinesthene” is that of May & Baker Ltd. 
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We serve the anaesthetist at 


A. CHARLES KING LIMITED 


HERE AT 27 DEVONSHIRE STREET, 
LONDON, is the recognised meeting place of 
anaesthetists from all over the world. The 
name A. Charles King carries world-wide 
authority in the field of anaesthetic appara- 
tus; and our facilities are not limited only to 
those wishing to purchase apparatus. Visi- 
tors who require technical information, ad- 
vice or other services are equally welcome. 


OUR SERVICES INCLUDE 


* For modifications and inventions. We are 
prepared to make variations and modifica- 
tions o- ctandard equipment to meet indi- 
vidual requirements. 


* For the Diploma and Fellowship in anaes- 
thesia. Candidates are welcomed to the show- 
rooms during the weeks preceding the ex- 


aminations when special demonstrations of 
apparatus take place. 


* Repair service. We have an expert staff and 
fully equipped workshop to carry out repairs 
on anaesthetic equipment. 


*% Tomorrow and yesterday. Not only is there 
on display a comprehensive selection of 
modern apparatus and accessories, but also a 
range of early equipment having many in- 
teresting links with the past. 


*% Anaesthetic reference library. An up-to- 
date Library is housed in a reading room 
open to all visitors. 


*% Facilities for authors and lecturers. We will 
gladly loan photographs, diagrams, printing 
blocks and actual equipment. In some cases 
sectional models, film strips and lantern 
slides can also be made available. 


4 
| 
iy,” 
ii! 
aq 


Presenting the 


Designed for 
routine monitoring 
of cardiac traces 


Can be safely used in the presence of 


explosi ve anaesthetic gases 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC APPARATUS AND SURGICAL INSTRUMENTS 


10 & 12 NEW CAVENDISH STREET, LONDON W.1 
Telephone : WELbeck 1851 and 1504 Telegrams : NARCOSIS, LONDON 


TORONTO, CANADA: 83-85 Grenville Street 


MANCHESTER: 152-154 Oxford Road e 
Phone : WALNUT 3-3845 


Phome : ARDwick 5906 
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The new potent ANALEPTIC 


... increases the frequency and 
depth of respiration in seconds 


MORE POTENT THAN OTHER ANALEPTICS 


In animal studies, ‘Vandid’ was found to be four times more effective than 
leptazol and fifteen times more effective than nikethamide 
as a respiratory stimulant. (Wein Z. inn. Med., 1952, 1 : 16) 


AJ MORE EFFECTIVE IN BARBITURATE OVERDOSAGE 


“.,. As a respiratory stimulant bemegride has 
repeatedly failed . . . In fact as a respiratory 
stimulant it would appear to be much less effective 
than the convulsant vanillic acid diethylamide”. 
(Brit. med. F., 1959, 2 : 1332) 


BASIC N.H.S. PRICES 
Ml VANDID IS SAFE .... DOSAGE IS SIMPLE.... ampoules (5% solution) 


Within the recommended dosage range (1-2 ml) 6x2ml..... 13/- 
toxic reactions are rarely seen. 
‘Vandid’ is a trade mark 


RIKER LABORATORIES LIMITED, Loughborough, Leicestershire 
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MANUFACTURED BY 


MAY & BAKER LTD 
DISTRIBUTORS: PHARMACEUTICAL 


An M&B brand Medical Product 
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‘Pamergan’ 


trade mark 
PRE-ANAESTHETIC SOLUTIONS 


These carefully selected combinations of the standard and widely 
used drugs—promethazine and pethidine with or without 
scopolamine—obviate the inconvenience of the extemporaneous 
preparation of mixtures, and present the ingredients in a 


convenient volume for intramuscular administration. 


‘Pamergan’ solutions are intended for use in— 


PRE-ANAESTHETIC MEDICATION 


Mi OBSTETRICAL ANALGESIA AND AMNESIA 


Detailed information is available on request 


ALITIES (MAY & BAKER) LTD DAGENHAM 
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‘FLUOTHANE’ anaesthesia provides excellent 
conditions for patients undergoing pros- 
tatectomy, and has the important advantage 
that there is a significant saving of blood 
loss both during and after the operation. 
Other notable features of ‘Fluothane’ are 
to be found in a smooth, rapid induction, 


The 1.C.1. Film “Prostatectomy under 
Fluothane” shows the operation in pro- 
gress. The film is 16 mm. colour, | 1 minutes 
running time, cat. No. M42 and may be 
borrowed for showing to suttable audiences 


quiet and easy respiration without laryngeal 
or bronchial irritation, protection from sur- 
gical shock and an uneventful recovery. 

With these valuable attributes, ‘Fluothane’ 
is considered by many authorities to be 
especially useful for anaesthesia in elderly, 
bronchitic and poor-risk cases. 


Fluothane an discovery 


MARK 


(Halothane) 


“Chlorhexidine is regarded as the most suitable disinfectant for anaesthetic equipment.” 


Chiorhexidine is an 1.C.1. discovery available only under the trade mark HIBITANE. 


Brit. J. Anaesthesia (1959), 31,363 


IMPERIAL CHEMICAL INDUSTRIES LIMITED PHARMACEUTICALS DIVISION 


WILMSLOW CHESHIRE 
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THE CLOSED SYSTEM FOR 
TRANSFUSION 


The Fenwal Blood Pack unit system was developed, not as a 
substitute for the bottle, but to provide a method of mini- 
mizing the trauma to blood cells and proteins during 
collection and storage. The entire unit from donor needle to 
container, presents a continuous hemorepellent surface. 
Flow of blood along this pathway closely approximates 
conditions in the normal vascular system. The smooth flow of 
blood through the donor tubing and along the inner surface 
of the container reduces turbulence to a minimum. The unit 
contains no air; therefore frothing does not occur. 


> Fenwal eliminates five blood collection steps. 

+ Less danger of contamination. 

> Fenwal provides flexibility and adaptability 

Non-breakable and 
lightweight. 


Full medical 

information may 

be obtained from: 
Baxter 
Laboratories Ltd. 


26 Gt. Tower St., E.C. wim cover 


| A short time or a long time for muscular relaxation? 
| B. W. & Co. provide a product for each need: 


‘A E T E Injection of Succinylcholine Chloride 


The first choice for procedures requiring rapid muscular relaxation of brief 
duration. 


: T U B A R i N E “i Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for prolonged procedures, 
and where profound relaxation is required. 


B.W. & CO. Muscle Relaxants 


BURROUGHS WELLCOME & CO. wercome LONDON 
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Pentland 
anesthetic 
and 
medical 
apparatus 


A new series of folders describing Pentland anaesthetic and medical equipment is 
now available on request. This literature covers the ‘E.M.O.’ Inhaler—a small, 


ble anaesthetic unit for hospital and emergency 


use; the Oxford inflating 


liows (‘O.LB.’)}—for use with the ‘E.M.O.’ or for assisted respiration; apparatus 
developed from the ‘E.M.O.’ and ‘O.LB.’ —_ Boyles gaa Apparatus, 


hospital and portable types; laryngoscopes and 
PENTLAND INSTRUMENT COMPANY LTD. 


26, HYTHE BRIDGE ST., OXFORD, 


ENGLAND - Tel: Oxford 48479 


NOTICE TO CONTRIBUTORS 


Tuis Journal is for the publication of original work 
in all branches of anaesthesia, including the applica- 
tion of basic sciences. The March and September 
issues deal mainly with material of educational value. 

Papers. Papers are accepted on the understanding 
that they have not been and will not be published 
in whole or in part in any other journa!, They are 
subject to editorial revision. Manuscripts should 
indicate the title of the paper, the name, qualifications 
and full address of the author, and be in double-spaced 
typing on one side only of quarto paper with a wide 
margin. 

Abbreviations, Weights and Measures. Abbreviations 
should follow the convention adopted by the Journal 
of Physiology. Weights and measures, dosages, etc., 
should be expressed in the metric system. 

Tables. All tables should be on separate sheets, 
and be capable of interpretation without reference to 
the text. 

Illustrations. Photographs should be unmounted, 
glossy prints. Drawings, charts and graphs should be 
in black indian ink on white paper. All illustrations 
should be clearly numbered with reference to the text 
on the back and should be accompanied by a suitable 
legend. The name of the author and title of the 
paper should also be written on the back of the illus- 
trations. 

References. There should be a table of references 
at the conclusion of the paper. These references 
should be arranged according to the Harvard system 
and in alphabetical order. Abbreviations in the 
references should be according to the World List of 
Scientific Publications. 


In the Harvard system, in the text the year of publi- 
cation must follow the author's name, more than one 
paper in any one year being indicated by a small letter 
(a, b, c) after the date. In the references, the order 
should be: author's name, followed by initials; year 
of publication in parentheses: title of paper to which 
reference is made; title of publication underlined wi 
a single line (to indicate italics) and abbreviated in 
accordance with the World List of Scientific Periodi- 
cals; volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the number of 
the first page in arabic numerals; thus: Howell, T. H., 
Harth, J. A. P., and Dietrich, M. (1954). The Use of 
Chlorpromazine in Geriatrics. Practitioner, 173, 172. 


In the case of books, the reference should be as 
follows: name of author and initials; ear of publi- 
cation in parentheses; title of the ; number of 
edition; page number; town of origin; publisher; 
e.g., Hewer, C. L. (1948). Recent Advances in Anaes- 
thesia and Analgesia, 6th ed., p. 120, London: 
Churchill. 

The British Journal of Anaesthesia should be 
referred to in the references as Brit. J. Anaesth. 

Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the Joint 
Editors within forty-eight hours. 

Reprints. Twenty-five reprints of articles will be 
dispatched to the authors after publication. Further 
reprints can be supplied if application is made when 
the proofs are returned. 

Copyright. Papers which have been published 
become the property of the Journal and permission to 
republish must be obtained from the Editors. 
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weapon 


to combat S Hi O Cc K 


A powerful vasopressor agent that can be administered 

intravenously, intramuscularly or subcutaneously. The 
vasopressor effect is smooth and sustained, repeated 

injections give repeated responses, and secondary fall in 

blood pressure does not occur. Cardiac arrhythmias and 

other side-effects usually associated with vasopressor 

agents need not be expected. 

Indicated in shock accompanying such conditions as : 

Myocardial infarction - Haemorrhage - Spinal anaesthesia 

Trauma - Brain damage - Infectious diseases - Anaphylaxis 


Injection ARAMI NE 


Metaraminol Bitartrate 


Offering a choice of routes : Intravenous, Intramuscular, or Subcutaneous 


: How supplied: In 1 ml. ampoules and 10 ml. vials (10 mg. per ml.) 
Literature available on request. 
Reference: Treatment of Cardiac Shock by Metaraminol. 
Brit. med. J., 1959, 1, 1081. 
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THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM — NEW YORK 


offers to medical science: 
For each medical specialty a MONTHLY ABSTRACTING JOURNAL containing 
abstracts in English from every available medical journal in the world. 
Two publications : 
(1) SIDE EFFECTS OF DRUGS: an exhaustive and up-to-date review of the use 
- a drugs and their side effects, edited and compiled by L. Meyler, 


(2) PHARMACOLOGICAL AND CHEMICAL SYNONYMS: a collection of 
more than 8,000 references from the medical literature of the world, compiled 


by E. E. J. Marler, M.D., M.Sc., Ph.D. 
A TRANSLATION SERVICE for the rapid translation of medical publications and 
manuscripts. 


Address your requests to our sole distributors for Great Britain and the Commonwealth 
(excluding Canada and South Africa) 


E. & S. LIVINGSTONE, LTD. Teviot Place, Edinburgh, 1 


BOARD OF MANAGEMENT AND PROPRIETORS 


General Editors 
E. Fatkner Hur, Late Senior Anaesthetist, T. Ceca. Gray, Professor of Anaesthesia, 
Manchester Royal Infirmary University of Liverpool 
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NOW! 


...for SAFE 
oxygen therapy 


. . . incubators, oxygen tents, 
masks, in surgery, in the nursery, 
in the hospital or sickroom. 


Beckman: PORTABLE OXYGEN ANALYSER 


Now, there is no need to guess about 


the oxygen content of incubators, oxygen 
tents, or mask-typeinhalators. Theoxygen 


being administered can be watched and 


controlled with the Model D2 Analyser— 
acompletely self-contained and portable 


instrument that may be used to check 


periodically any number of oxygen ‘a 
therapy machines. 
It is accurate, fast and easy to use. Just ; FE: 
squeeze a bulb to draw the sample into ae 
the analyser, press a switch, and read the 7 
O, content instantly. a 
4 
For further information, send today for 3 
/ 


leaflet BJ3 


Glenrothes, Fife, Scotland 


Tet. : Glenrothes 2151 Telex 72135 
Telegrams ‘Beckman, Glenrothes’ 


Beckm an / Instruments Limited 
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“1 would have everie man write what he knowes and no more.”—MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL. XXXII, No. 4 


APRIL 1960 


EDITORIAL 


THE BERNARD JOHNSON MEMORIAL 


THERE can be but few of our readers who are not, 
to some extent, aware of the great contribution 
made to the specialty by the late Bernard Johnson. 
The great majority will have been deeply con- 
scious of the loss to anaesthesia which resulted 
from his death at a time when his skill in 
negotiation, his political acumen and wisdom, were 
most urgently needed. It will be difficult to re- 
place one whose dignity, intelligence and wit 
made him so significant an ambassador of this 
branch of medicine in whatever company he 
mixed. His distinguished career in the Services, 
in his own Middlesex Hospital and in anaesthesia 
prior to his election in 1952 as Dean of the 
Faculty of Anaesthetists in the Royal College of 
Surgeons of England, have been noted in many 
public appreciations since his death, but it was 
in this latter position that he made his most 
lasting contribution. The foundation stone of the 
Faculty was laid by Mr. Archibald Marston who 
became the first Dean, but there is no doubt that 
in those early days of negotiations with the Col- 
lege, Bernard Johnson—a close colleague of the 
then President of the College (Lord Webb John- 
son) and of Mr. Henry Souttar who played so 
large a part in the idea of the Faculties in the 
College—supported Mr. Marston valiantly with 
all his energy and ability. As the first Vice-Dean 
and later as Dean his interest and zeal will not 
be forgotten by those who were privileged to be 
members of the Board of Faculty. So many of 
the Faculty’s present-day activities stem from his 
inspiration—as for example, the Scientific Days 
which have been such outstanding successes— 
but above all does the College “Research Depart- 
ment of Anaesthetics”. One cannot do better than 
to quote “R.F.W.” in the British Medical Fournal 
appreciation (Brit. Med. F. (1959), 1, 1535): 
“Bernard Johnson’s untimely death has robbed 
the Faculty of Anaesthetists of one of its most 
zealous and energetic supporters. It was he who 


conceived the idea of setting up a research 
department within the Faculty. He set himself 
the task of getting it endowed, and within two 
or three years, single handed, he collected the 
very considerable sum needed for this purpose. 
This formidable task was taken on as an addition 
to his other activities, and he applied himself to 
it unsparingly. It could be that these strenuous 
efforts hastened his death, but he would have 
— the last to let that possibility affect 
It is not surprising, to quote the words of the 
Dean of the Faculty, that “many of Bernard 
Johnson’s friends have expressed the wish to have 
the opportunity of contributing to a Memorial, 
and under the auspices of the Faculty a Com- 
mittee has been set up to collect for a suitable 
and worthy memorial”. The Committee is repre- 
sentative of his colleagues and friends both 
medical and lay and the following are members: 
Sir Miles Clifford, K.B.E., C.M.G., E.D. (Chairman), 
Mr. J. B. Kinross, 0.8.£., Dr. Geoffrey Organe, 
F.F.A.R.C.S., Dean of the Faculty of Anaesthetists, 
Professor Cecil Gray, Professor E. A. Pask, 0.B.E., 
and Professor R. F. Woolmer, V.R.D. 

The Faculty has decided that a laboratory 
in the College department will be named 
“The Bernard Johnson Laboratory” and it 
is hoped to collect sufficient money to endow 
some or all of the following objects: the pro- 
vision of an endowment for a Faculty Adviser 
in Postgraduate Studies, a function of the Faculty 
which was very near to Bernard Johnson’s heart; 
the foundation of a Memorial Lecture; and the 
provision of a commemorative plaque to be placed 
in the Research Department of Anaesthetics. 

Bernard Johnson was a good friend of this 
journal, having its interests very much at heart and 
rejoicing always in its well-being. We sincerely 
hope and trust that this memorial appeal will 

[continued on page 155 
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Brit. J. Anaesth. (1950), 32, 150 


THE USE OF COOMASSIE BLUE IN CARDIAC OUTPUT DETERMINATIONS 
IN MAN UNDER ANAESTHESIA 


BY 


P. J. ARMSTRONG AND J. P. PAYNE 


Department of Anaesthesia, Hammersmith Hospital and Postgraduate Medical School, 
London, W.12 


Tue experience of Johnson (1951) with a dye 
dilution technique established the method as a 
satisfactory means of measuring cardiac output 
during anaesthesia and Payne, Gardiner and 
Verner (1959) applied it for this purpose during 
the administration of halothane. Further experi- 
ence, however (Léf, Verner and Payne, 1960), 
revealed the limitations of Evans blue as an 
indicator. In practice it was shown that the use 
of this dye imposed a limit of four output deter- 
minations on any one patient during anaesthesia, 
mainly because of the extremely slow rate of 
excretion. Cardio-green introduced by Fox et al. 
(1957) offered a possible solution to this diffi- 
culty but unfortunately this dye is removed from 
the circulation too readily to enable the proper 
calibration of the ear oximeter response to be 
carried out, thereby compromising the accuracy 
of the quantitive analysis (Taylor and Shilling- 
ford, 1959). More recently Coomassie blue has 
been made available and promises to be the most 
satisfactory dye so far introduced (Taylor and 
Thorp, 1959). 

Coomassie blue is an azo dye prepared commer- 
cially as the water soluble sodium salt and sup- 
plied in 5 ml ampoules in 2 per cent and 4 per cent 
concentrations. It has a low toxicity which is a 
decided advantage over Evans blue. The L.D. 
50 of Coomassie blue given intravenously to mice 
is 450 mg/kg body weight, approximately 100 
times the maximum dose employed in man. On 
intravenous injection the dye is almost entirely 
bound to the albumen fraction of the serum 
protein. It is retained in the circulation sufficiently 
long enough to enable inscription and standardiza- 
tion of the indicator dilution curves but is 
metabolized sufficiently rapidly to allow frequent 
successive measurements to be made. According 


to Taylor and Thorp (1959) the dye is meta- 
bolized by reductive fission at the azo link and 
the products excreted mainly in the urine. There 
is, however, considerable concentration in the bile 
which in the event of postoperative vomiting 
may give rise to alarm because of the blue stain- 
ing of the vomited material if the nursing staff 
are not forewarned. 

The clinical application of Coomassie blue to 
cardiac output determinations has been described 
by Taylor and Shillingford (1959) but the special 
problems in relation to anaesthesia appeared to 
require further investigation. The experiments 
to be described were carried out with a view to 
establishing the suitability of Coomassie blue for 
serial output determinations during anaesthesia 
in man. 

METHODS 
Calibration of earpiece response. 

Observations were made on the effects of 
passing different concentrations of Evans blue 
dye and Coomassie blue dye in water through a 
polyethylene tube placed between the earpiece 
photoelectric cells and the light source at dif- 
ferent sensitivity settings of the recorder. The 
observations were repeated with known quantities 
of Coomassie blue in fresh whole blood. After 
oxygenation by shaking in air the blood was 
injected into a length of polyethylene tubing 
immersed in a water bath at 37°C. After passing 
through the tubing, the blood was led by a suit- 
able modification through the ear oximeter. This 
method, in which a gravity feed system was 
used as the motive power, was designed to avoid 
alterations in recorder response due to flow 
changes and thermal drift. The dye was extracted 
from the samples by the method described by 
Taylor and Shillingford (1959), estimated 
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COOMASSIE BLUE IN CARDIAC OUTPUT DETERMINATIONS IN MAN 


spectrophotometrically in a Unicam S.P. 600, and 
the resulting optical densities converted to con- 
centrations and graphed against recorded deflec- 
tions. 

Circulation model experiments. 

A glass circulation model similar to that 
described by Black and Thorp (personal com- 
munication) was constructed. The effects of 
injecting Coomassie blue dye into the known 
volume of water circulating within the model 
were studied with the ear oximeter. Alterations 
in the shape of the dye dilution curve due to 
different dye doses and volume flow rates were 
examined, and an attempt was made to calibrate 
the recorder by measuring curves obtained by the 
injection of equal doses of dye with the volume 
flow rate held constant. 

Extraction method. 

Although a satisfactory method of extraction 
has been established for whole blood (Taylor and 
Shillingford, 1959), the possible influence of 
anaesthetic agents remains to be considered. In 
particular it has been observed (Payne—unpub- 
lished observations) that blood samples taken 


from patients anaesthetized with halothane fre- 
quently showed evidence of haemolysis and there 
was a possibility that this might affect the results 
obtained. This possibility could be virtually 
excluded if a high recovery rate for dye were 
shown. 
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The dye-containing samples of blood were 
centrifuged anc the plasma extracted with urea, 
acetone, zinc sulphate and sodium hydroxide. 
The optical density of the extracted samples was 
measured in a Unicam S.P. 600 spectrophoto- 
meter. The instrument itself was tested to obtain 
the most satisfactory wavelength for reading the 
samples. 


Dye decay curve. 
Coomassie blue was injected intravenously in 


a series of eight anaesthetized patients. The rate 
of disappearance of circulating dye was followed 
during the course of the operation and in the 
immediate postoperative period by taking venous 
blood samples at timed intervals from a peripheral 
vein. 

Dye dilution curves. 

Dye dilution curves were obtained in a series 
of seventeen patients. In most instances 30 to 
80 mg of the dye in concentrations of 2 or 4 
per cent was injected through a fine-bore poly- 
ethylene catheter with its tip in the superior 
vena cava in the vicinity of the right atrium but 
in some patients it was injected directly into a 
superficial peripheral vein. 


RESULTS 


Calibration of earpiece response. 
A linear response for both Evans blue and 


Artificial Circulation Curves 


Volume of system :1.1 litres 
Plow rate: 1.35 litres per minute. 
Dye used: Coomassie Blue. 


Dose: 1.0 mg. in 0.5 percent solution. 
Fis. 1 
Identical dye dilution curves obtained with two successive equal doses 
Coomassie blue injected into an artificial circulation system (scale in mm 
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Coomassie blue was obtained when the oximeter 
was exposed to different concentrations of dye 
in water. When the same tests were carried out 
in vitro in fresh whole blood a linear response 
could not be obtained. 

Circulation model experiments. 

When equal quantities of Coomassie blue were 
injected into a known volume of water circu- 
lating at a fixed rate, identical curves were 
obtained as shown in figure 1. 


Extraction method. 

The presence of haemolysis in no way inter- 
fered with the extraction process and in more 
than 200 samples the recovery rate was greater 
than 98 per cent. 
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Fic. 2 
An example of a typical dye decay curve showing 
its exponential character. 


Dye decay curve. 

Based on 67 separate extraction determinations 
the rate of disappearance of the Coomassie blue 
from the circulation in eight anaesthetized 
patients was shown to follow the same exponen- 
tial pattern as described by Taylor and Shil- 
lingford (1959). During the first 15 to 20 
minutes 50 per cent of the dye had disappeared 
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from the blood but later samples showed that 
this process had significantly slowed (fig. 2) and 
on analysis the curve could be divided into at 
least two separate components as claimed by the 
above authors. 


Dye dilution curve. 

Sixty-one dye dilution curves were obtained 
with Coomassie blue in a series of 17 patients and 
as many as eight curves were recorded in one 
individual. Moreover the use of a low recorder 
sensitivity and the relatively high dose of dye 
provided good stability and unusual freedom from 
electrical interference (fig. 3). The stability is 
particularly marked in the presence of residual 
quantities of Coomassie blue and it is suggested 
that a small preliminary dose of dye might be 
given intravenously before attempting cardiac 
output determinations if the best results are to 
be obtained. Despite the relatively high dosage 
employed no evidence of tissue staining was seen 
and there were no toxic manifestations. 


Method of calculation of cardiac output. 


The finding that during the first 10 to 15 
minutes of the dilution curve the disappearance 
rate is a single exponential factor (Taylor and 
Shillingford, 1959) was confirmed for patients 
under anaesthesia and replotting of optical 
densities on semilogarithmic paper yielded a 
straight line graph which could be extrapolated 
back to zero time (fig. 4). This gave a value for 
apparent plasma volume and a calibration figure 
for the dilution curve. Although in earlier experi- 
ments multiple blood samples were used to obtain 
this graph, latterly only two samples were taken 
to avoid loss of blood during serial output deter- 
minations. The figure obtained represented the 
tail height of the dilution curve and when con- 
verted to mg/litre was used to calibrate that 
curve. The concentrations of dye at 1-second 
intervals could then be plotted by semilogarithmic 
graphs and the exponential down slope con- 
tinued to the base line as a straight line to 
eliminate recirculation (fig. 5). In this way the 
total amount of dye carried during one single 
circulation could be accounted for and by sub- 
stitution in the following formula the cardiac 
output calculated. 
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=62 litres per minute. 


ker. 


290m. Third dye curve. 1t43aqm. Fourth dye curve. 


= 92 litres per minute. =90 litres per minute. 


Fic. 3 
Four successive dye dilution curves obtained in one patient within a period of 40 minutes. 


Serial Dye Decay Extrapolations. 
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x 
Sc (100 — Htc) 
Where CO =Cardiac output in 1./min. 
I =Quantity of dye injected in mg. 
SC =Sum of concentrations at 1-sec 
intervals under area of curve. 


————— Blood/plasma ratio. 
(100 — Htc) 


Hic =Haematocrit corrected for 
trapped plasma and total body 
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Example of a semi-logarithmic re-plot of a normal 

dye dilution curve. R indicates the beginning of 

recirculation. E is the extrapolation of the down slope 
to the base line. 
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DISCUSSION 


The use of Coomassie blue in providing many 
successive output determinations without toxic 
effects or tissue staining is a considerable advance 
on previous indicators. In laboratory experiments 
accurately repeatable curves and a linear response 
of the ear oximeter to dye concentrations in 
water could be obtained but the failure to show 
a linear response when similar tests were carried 
out on whole blood casts doubt on the accuracy 
of the technique in vivo, especially as other inves- 
tigators (Beard and Wood, 1951) have reported 
the same difficulty. This observation, however, 
has not received general acceptance and Gilmore 
(1954) and his colleagues stated that their car 
oximeter did respond linearly to changes in 
Evans blue dye concentration. It must be admitted 
that there is considerable technical difficulty in 
simulating ear blood flow in a model, and it is 
possible that proof of linearity must await more 
delicate instrumentation. The fact that Taylor 
and Shillingford (1959) have shown a close 
correlation between the direct Fick and ear 
oximeter methods of measuring cardiac output 
suggests that the error, if it exists, is small. 
Despite this possible error, the use of photo- 
electrically registered dye curves seems to be the 
most practicable way of following haemodyna- 
mic changes during anaesthesia. This is because 
the direct Fick and the original Hamilton methods 
are extremely difficult to apply to serial studies 
of cardiac output in anaesthetized patients. For 
the inscription and calibration of the dilution 
curves the properties of Coomassie blue appear 
to offer decided advantages. In particular the 
ability to use relatively large doses of dye enables 
easily measured dilution curves to be obtained 
from which the assessment of circulation time, 
central volume and cardiac output are straight- 
forward procedures. 


CONCLUSIONS 


Although claims for accuracy for indicator dilu- 
tion measurements of cardiac output must still 
be accepted with some reservations, there is no 
doubt that the continued use of an ear oximeter 
and a dye indicator is the most convenient and 
effective means of determining serial haemo- 
dynamic changes during anaesthesia. The intro- 
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duction of Coomassie blue has provided a safe 
indicator which by virtue of the relatively large 
doses employed and the optimal rate of disap- 
pearance from the blood stream, allows easily 
measured curves to be recorded with the mini- 
mum of electrical interference. 
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EDITORIAL continued from page 149. 


result in a fund worthy of its object and that the 
members of our specialty will show by their 
generosity their gratitude to one who did so 
much to establish anaesthesia in its present 
greatly respected position among the specialties 
of medicine.* 


NOTA BENE 


The present issue contains two articles on which 
we would wish to comment. Dr. Torry Baxter 
draws attention to a fault which can develop in 
a piece of apparatus in current use. This was an 
unfortunate defect in a most useful vaporizer 
which has contributed to safety in the use of 


*Contributions should be sent to the Dean of the 
Faculty, Royal College of Surgeons of England, 
Lincoln’s Inn Fields, London, W.C.2. Cheques should 
be made payable to “The Faculty of Anaesthetists”. 
The most effective way of subscribing is to covenant 
for payment of a sum annually for seven years, for 
this will enable the Inland Revenue to contribute also. 


halothane. As will be seen from Professor 
Woolmer’s letter (page 193) and the enclosed 
leaflet, the manufacturers have done everything 
possible to rectify the position by recalling these 
machines for modification and later machines 
are not likely to have this defect. 

We considered the article published in the 
Ministry of Health Bulletin drawing attention to 
the effectiveness of washing anaesthetic tubing, 
etc., was worth reprinting so that it might have 
wider circulation. 


ERRATUM 
The following correction should be made to the 
paper on “Premedication of children for surgery” 
by Sheila M. Anderson in the March 1960 issue 
(Brit. Anaesth., 23, 125): 
Page 131, line 12, should read 
“1.1-2.2 mg/kg (0.S—1 mg/Ib.).” 
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THE INTERACTIONS OF TRIMETAPHAN (ARFONAD), SUXAMETHONIUM 
AND CHOLINESTERASE INHIBITOR IN THE RAT* 


BY 


W. Curtis PEARcY AND ELISABETH S. WITTENSTEIN 
Division of Anesthesiology, University of Colorado Medical Centre, Denver, Colorado, U.S.A 


PROLONGED apnoea after suxamethonium has been 
reported by Tewfik (1957) in nine of ten patients 
given trimetaphan (Arfonad). This author postu- 
lated that the trimetaphan was destroyed by 
pseudocholinesterase, with temporary inhibition 
of the enzyme resulting. Therefore, suxametho- 
nium could not be inactivated in the usual 
manner and its action was thus prolonged. 

The literature contains very little other infor- 
mation on the fate of trimetaphan. Gertner et al. 
(1955) reported that 31 per cent of administered 
trimetaphan was recoverable in the urine, but 
commented that the fate of trimetaphan in the 
body was unknown. A report of the Council on 
Drugs of the American Medical Association (1957) 
did not comment on the elimination of the drug. 
In view of this paucity of information on the 
elimination of trimetaphan and the untested 
theory proposed by Tewfik, we investigated the 
interactions of suxamethonium and trimetaphan 
in the rat and tested the effects of trimetaphan in 
the rat with pharmacologically inhibited pseudo- 
cholinesterase. 


METHOD 


Albino rats of the University of Denver strain, 
weighing 180-220 g., were used. The rats were 
anaesthetized with quinalbarbitone 60 mg/kg 
subcutaneously and cannulas were inserted into 
the trachea, carotid artery and jugular vein. 
Heparin 2 mg was injected into the artery to 
prevent coagulation of the blood during the 
experiment. The arterial blood pressure was 
determined by a low volume (2 ml/100 mm Hg) 
mercury manometer attached to the arterial 
cannula. Drugs were injected into the venous 
cannula. The drugs were diluted in normal saline 
so that a dose per 200 g. was contained in 0.5 ml. 


* This work was supported in part by the Continuing 
Research Council of the Faculty of the University of 
Colorado Medical Center. 


A control series of 16 rats was given suxametho- 
nium 1 mg/kg to determine the time to return 
of the first respiratory activity and to return of 
adequate respiration. First respiratory activity 
was determined by observation of the abdomen. 
Adequate respiration was determined, as des- 
cribed by Smith and Virtue (1954), by the ability 
of the rat to maintain its blood pressure on spon- 
taneous respiration. During apnoea and inadequate 
respiration, artificial ventilation was accomplished 
with oxygen by intermittently occluding the open 
end of a small T-tube attached to the tracheal 
cannula. A series of 17 rats was given trimeta- 
phant 0.25 mg/kg followed by a second 0.25 
mg/kg. When the blood pressure returned to 
previous levels, which occurred within 10 minutes, 
suxamethonium 1 mg/kg was given. Time to first 
respiration and time to adequate respiration were 
determined as in the control series. 

Another series of 5 rats was given trimetato- 
lylphosphate (TMTP) 1 ml/kg 24 hours before 
testing. This drug has been shown to block 
selectively the pseudocholinesterase in the rat 
(Coursey, Dunlap and Hine, 1957) and this dose 
has been found to produce a prolongation of the 
action of suxamethonium in this strain of rats 
(Smith and Virtue, unpublished). After a 24-hour 
period, all these rats were obviously ill, with 
tremors, instability on the feet, and diarrhoea. 
These treated rats were anaesthetized with quinal- 
barbitone 60 mg/kg and cannulated as in the 
other series. They were then given trimetaphan in 
doses of 0.25 mg/kg. When the blood pressure 
returned to the previous level, trimetaphan 
1 mg/kg was given, followed on recovery by 
trimetaphan 25 mg/kg. The blood pressure res- 
ponse to this sequence was compared with a 
control series of 5 rats treated identically, except 
that no cholinesterase inhibitor was given. 


+ Kindly supplied by Hoffman-La Roche, Inc. 
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RESULTS 


Trimetaphan 0.25 mg/kg given prior to suxame- 
thonium resulted in a variable fall in blood pres- 
sure. Expressed as per cent of control blood 
pressure the first trimetaphan dose produced a fall 
to 68 per cent on the average, and varying from 
101 to 10 per cent. The second 0.25 mg/kg pro- 
duced a fall averaging 78 per cent with limits of 
105 to 10 per cent. This difference between first 
and second doses was not statistically significant. 

Table I presents the comparison of the control 
suxamethonium group and the group pretreated 
with trimetaphan. While the recovery after trime- 
taphan tended to be prolonged, there was no stat- 
istical significance (“t” test) to the prolongation. 
The large standard deviation seen in the trimeta- 
phan group is indicative of the large individual 
variation in members of this group. In the control 
group, the maximum time from injection of 
suxamethonium to first respiration was 9 minutes 
and the minimum time was 2 minutes. Seven of the 
rats in the trimetaphan treated group were totally 
apnoeic more than 10 minutes, while the other 
10 rats began to breathe within the control range. 
A similar large variation occurred in the time to 
adequate respiration, ranging from 9 minutes, well 
within control, to 143 minutes at the other 
extreme. 


TABLE I 
First Adequate 
respiration respiration 
Control 6.32+18 14.6+7.3 
Experimental 11+6.5 28+ 30 
Significance p>0.5 p>0.5 


The time in minutes (mean + standard deviation) 
from injection of suxamethonium to the respiratory 
end points. The experimental animals had been given 
two doses of 0.25 mg/kg trimetaphan before suxa- 
methonium administration. 


The extent of the blood pressure fall was not 
related to the response to suxamethonium. Figure 
1 shows a plot of per cent blood pressure fall on 
the ordinate and time to return of first respira- 
tory activity on the abscissa. Some animals with 
only slight fall in blood pressure showed definitely 
prolonged apnoea. Others with greater falls in 
pressure recovered from suxamethonium within 
control limits. 
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The effects of suxamethonium after massive 
doses of trimetaphan were tested in 4 rats. After 
0.25, 1, and 25 mg/kg doses of trimetaphan had 
been given, the animals were given 1 mg/kg 
suxamethonium and the respiratory end points 
determined. Two of the four required more than 
10 minutes to recover from suxamethonium 
(control recovery 2~9 minutes). Recovery in the 
other two was within control limits. 
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The relationship of trimetaphan-induced blood pres- 

sure fall to total apnoea time after suxamethonium. 

Shaded area (2-9 minutes) represents the control 
suxamethonium recovery time. 


The effects of TMTP on the blood pressure 
fall after trimetaphan is presented in table II. The 
prior administration of the pseudocholinesterase 
inhibitor did not change the response to trimeta- 
phan appreciably, either in the extent of the fall, 
or in the duration of the blood pressure depres- 
sion. During the period of observation, averaging 
12 minutes, the blood pressure did not recover 
completely after the 25 mg/kg dose, but there was 
no difference in the control and treated groups in 
this regard. 

After the 25 mg/kg dose all animals developed 
a period of apnoea, lasting about 2 minutes, during 
which time artificial ventilation was given. Re- 
covery was progressive and resembled the 
recovery after suxamethonium. 


DISCUSSION 


Variable individual response to trimetaphan had 
been noted previously (McCubbin and Page, 
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TaBLe Il 
Trimetaphan Trimetaphan Trimetaphan 
0.25 mg/kg 1 mg/kg 25 mg/kg 
Minimum Duration Minimum Duration Minimum Duration 
B.P. of fall B.P of fall B.P. of fall 
Control 95% 0.8 min 85% 4.4 min 71% Did not fully 
recover 
TMPT* 96% 1.2 min 81% 5 min 79% Did not fully 
treated recover 


1952) and our results indicated that its effects 
in rats were similarly variable. In some animals 
the blood pressure fell to severe degrees, while in 
other animals there was no fall at all and in fact 
some showed a slight elevation of the pressure. 
Some of our animals showed a prolonged suxa- 
methonium apnoea when pretreated with trimeta- 
phan, while others did not. The extent of the blood 
pressure fall was not related to prolonged apnoea. 
These factors indicated the individual variation 
in the response to trimetaphan. 

After massive doses of trimetaphan, two of four 
animals showed prolonged recovery after suxa- 
methonium, while the other two recovered within 
control time. Thus large doses of trimetaphan 
did not necessarily prolong the effect of suxa- 
methonium. 

The occasional occurrence of prolonged suxa- 
methonium apnoea after trimetaphan suggests 
that there is an inherent danger in the use of the 
two drugs together. Prudence might indicate that 
the combination is best avoided. 

Animals with pharmacologically inhibited 
pseudocholinesterase showed no alteration in the 
response to trimetaphan. This was interpreted to 
mean that trimetaphan was not destroyed by the 
enzyme to any substantial extent. Certainly if the 
rapid action of trimetaphan were the result of 
inactivation by pseudocholinesterase, inhibition 
of the enzyme should have resulted in some 
intensification of the action of the trimetaphan. 
Failure to observe any such change was evidence 
that it was not destroyed by the pseudocholin- 
esterase. 

The occurrence of apnoea after massive doses 
of trimetaphan is of interest. Randall, Peterson 
and Lehmann (1949) noted muscle weakness in 
the dog after trimetaphan but thought that this 


The average minimum blood pressure and the average time that the blood pressure was below 
the original level after standard doses of trimetaphan. 


*TMTP=trimetatolylphosphate. 


resulted from hypotension rather than from a 
curariform action of the drug. Our observations 
lead us to believe that it could produce a neuro- 
muscular block. We observed apnoea regularly 
after massive doses of trimetaphan, even though 
the blood pressure depression (table II) was not 
necessarily severe and in individual cases even less 
than blood pressure falls from lesser doses not 
associated with apnoea. Furthermore, the re- 
covery from the apnoea was progressive and 
appeared similar to recovery from known 
curariform drugs. It might be speculated that the 
occurrence of prolonged suxamethonium action 
was in some way related to this neuromuscular 


effect of trimetaphan. 


SUMMARY 


The effect of trimetaphan on the duration of 
paralysis caused by suxamethonium was tested 
in rats. While there was no statistically significant 
effect noted from the entire series, some indi- 
vidual rats displayed a decidedly prolonged total 
and partial paralysis when trimetaphan was 
administered prior to suxamethonium. After 
blocking the pseudocholinesterase with trimeta- 
tolylphosphate in a series of rats, there was no 
increase in the effect of trimetaphan either in 
degree of blood pressure fall or in duration of 
the fall. With very large doses of trimetaphan 
(25 mg/kg) a brief period of apnoea was seen, 
which resembled the apnoea seen after muscle re- 
laxants. 
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Hypnosis in Anesthesiology. By Milton J. Marmer. 
Published by Blackwell Scientific Publica- 
tions. Pp. xv + 150. Price 54s. 


Hypnosis in Treatment. By William Moodie. 
Published by Faber and Faber. Pp. 168. 
Price 18s. 


No one nowadays doubts the existence of the 
phenomena of hypnosis, though few can claim 
to understand them. It goes without saying that 
the possibility of effecting such profound though 
reversible changes in consciousness, without 
recourse to drugs, is of great interest to anaes- 
thetists. Nevertheless, it is surprising how little 
initiative or even interest has been displayed in 
this subject by anaesthetists, It is true that nearly 
every anaesthetist practises hypnotherapy of a 
sort, as part of his craft, and that not a little of 
the success of the expert is due to his confident 
powers of suggestion to his patient. An oppor- 
tunity is presented with the appearance of these 
two latest additions to an already large litera- 
ture on hypnosis, for every anaesthetist to read 
and learn about, and to develop an interest in, 
hypnosis as a part of anaesthesia. 

Dr. Moodie’s book is a_ straightforward 
practical account of hypnotherapy as related by a 
psychiatrist. It makes satisfying, interesting and 
helpful reading, With the aid of case accounts, 
varying from patients cured of inability to pass 
examinations at the proper date, to those cured 
of inability to pass urine at the proper time, the 
reader is given a useful insight into the methods 
and scope of therapeutic hypnosis. 

Dr. Marmer on the other hand writes as an 
experienced anaesthetist who has developed an 
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interest in hypnosis. Wisely, he sets out to teach 
his own colleagues the methods and scope of this 
field, on the assumption that they know little 
about it. He achieves a near masterpiece, for no 
book about a strange subject is so valuable to a 
group of workers as one written by someone who 
himself has had to translate and understand the 
strange terminology and unfamiliar ideas; a 
specialist in one field is rarely able to transmit the 
fundamentals of his subject to workers in another. 

Dr. Marmer’s technical instructions are ex- 
plicit and given in such a wealth of warm detail 
that few readers will resist the temptation to have 
a go. Like Dr. Moodie’s book, the story is told 
by case notes illustrating varying hypnotic effects; 
they range from sedation to somnolence and from 
amnesia to anaesthesia. 

Dr. Marmer does not put forward hypnosis as 
a substitute for anaesthesia. In the present state 
of experience that might be foolish. But he does 
make out a case for hypnosis as a valuable adjunct 
to anaesthesia, making induction easier and free- 
ing it from emotional colour, and helping recovery 
to be short and free from painful and other com- 
plications. 

Both books represent excellent value. Even at 
its rather high price no anaesthetist should miss 
reading Dr. Marmer’s book. If he does not con- 
sciously practise what it preaches, he will for 
certain have learnt much—and his patients will 
be the better for it. 

Neither book is illustrated, but both have an 
index. In Dr. Marmer’s book the index is 
extensive and there is a valuable bibliography as 


well. 
W. W. Mushin 
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ANAESTHESIA FOR THERMOCOAGULATION OF THE GLOBUS PALLIDUS 
BY 


Davin G. HurTer 
National Hospital for Nervous Diseases, Queen’s Square, London 


THERMOCOAGULATION of the globus pallidus is 
an operation performed for the relief of rigidity 
and tremor in Parkinson’s disease. The technique 
employed is based on the use of Leksell’s stereo- 
taxic apparatus. For the purpose of discussing the 
anaesthetic requirements the operation may be 
considered in four stages. 


Stage I. Stereotaxic radiological localization of the 
globus pallidus. 

The position of the globus pallidus is calcu- 
lated from radiographs taken after lumbar 
air encephalography. For this procedure the 
patient is placed in the sitting position. A gradu- 
ated metal frame is secured to the head by three 
drills penetrating the outer plate of the skull. Air 
is injected into the ventricular system by lumbar 
puncture and a lateral radiograph is taken. If 
this shows satisfactory filling of the ventricles with 
air, the patient is then placed supine with hang- 
ing head, in order to get the air into the region 
of the posterior commissure. Further lateral and 
antero-posterior views are taken and from these 
pictures the surgeon calculates the position of 
the globus pallidus in relation to the graduations 
on the metal frame. 


Stage Il. Craniectomy. 

A burrhole over the coronal suture 4 to 5 cm 
from the midline is enlarged with bone nibblers. 
This gives access to the globus pallidus in the 
next stage. 


Stage Ill. Making the lesion. 

The globus pallidus is coagulated by heat 
generated by diathermy. The electrodes are in- 
serted into the brain so that their tips lie in the 
calculated position. The coagulation is controlled 
by observing the rise in temperature by means 
of a thermocouple placed between the diathermy 
electrodes. The effect of the lesion on the patient 
is observed while it is being made. 


Stage IV. Closure of the wound. 


CHOICE OF LOCAL OR GENERAL ANAESTHESIA 


It is considered that the third stage of the opera- 
tion is best carried out on the conscious patient 
so that the effect of the lesion may be assessed 
while it is being made. Local analgesia is there- 
fore essential for this stage. 

For the first stage of the operation, the absence 
of tremor and rigidity is considered desirable 
to ensure satisfactory radiographs. Furthermore 
this is a lengthy and uncomfortable procedure 
which, it is felt, few patients would tolerate well 
under local analgesia. For these reasons general 
anaesthesia is preferred. In order to eliminate the 
unpleasant sensation of bone nibbling, general 
anaesthesia is prolonged to include the second 
stage. As the patient will be conscious in the later 
stages the scalp must be infiltrated with local 


analgesic solution at the sites of fixation of the 


frame in stage I and in the line of the incision in 
stage IT. 


PROBLEMS INVOLVED 
Having decided that general anaesthesia is pre- 
ferable for the early stages, it is necessary to 
consider the special problems arising by virtue of 
the nature of the operation. Firstly, the proxi- 
mity of X-ray and diathermy apparatus precludes 
the use of explosive anaesthetic mixtures. Secondly, 
the use of the sitting position compels the anaes- 
thetist to select drugs with due regard to their pos- 
sible effect on the patient’s blood pressure. Thirdly, 
the success of the operation depends on rapid 
return of consciousness and full co-operation. It 
is important that the patient should be fully 
co-operative and also free from retching, vomit- 
ing and coughing so that the effect of the 
lesion on voluntary movement, rigidity, tremor 
and speech may be observed. This is particularly 
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stressed, for whereas modern anaesthetic tech- 
niques render rapid recovery of consciousness 
commonplace, seldom is the patient’s full co- 
operation sought during the immediate post- 
anaesthetic period. Finally, drugs such as benz- 
hexol (Artane), which are used in the treatment 
of Parkinson’s disease may possibly modify the 
effects of anaesthetic drugs (Dundee, 1958). 


ANAESTHETIC REQUIREMENTS 


Endotracheal intubation is considered essential 
as access to the head is impossible once the 
operation has started. Previous experience in 
anaesthesia for diagnostic lumbar air encephalo- 
graphy has shown that introduction of air into 
the ventricular system is a strong stimulus to the 
patient, causing a reflex rise of blood pressure, 
hyperventilation and even vomiting if anaesthesia 
is inadequate. Fairly deep anaesthesia is required 
to suppress these reflexes. As local analgesia is 
used at the sites of fixation of the frame and in 
the area of the craniectomy incision, the greatest 
stimuli to the patient occur on introduction of 
air, and on movement of the endotracheal tube in 
the trachea when moving the patient and during 
craniectomy. It is these stimuli that demand the 
greatest depth of anaesthesia. The former occurs 
early in the operation and presents no problem. 
The latter persists until shortly before return of 
consciousness is required and by this time, some 
two hours after induction of anaesthesia, local 
analgesia of the trachea and larynx may have worn 


A possible solution to this problem would be 
the use of a short-acting relaxant at the times of 
greatest stimulation. As muscular relaxation is not 
necessary this technique is considered unjustifi- 
able A further deciding factor is the difficulty in 
predicting the effect of repeated doses of 
relaxants on patients who have been taking 
benzhexol or similar drugs (Dundee, 1958). 


ANAESTHETIC TECHNIQUE 
As this is a comparatively new operation which 
appears to be gaining in popularity, it is felt that 
it is worth while recording in detail the anaes- 
thetic technique which has been evolved as a 
result of experience in anaesthetizing 54 patients. 
It is explained to the patient that he will be 
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awake for the last part of the operation. Pre- 
medication consists of atropine 0.85 mg (1/75 
grain) given by intramuscular injection half an 
hour before induction of anaesthesia (Brennan, 
Hunter and Johnstone, 1957). Anaesthesia is 
induced with a sleep dose of thiopentone sodium 
followed immediately by suxamethonium 100 mg 
intravenously. As soon as muscle twitching has 
ceased, the lungs are inflated with oxygen and 
the trachea and larynx are sprayed with 4 per 
cent lignocaine. A wide-bore flexometallic latex 
rubber endotracheal tube is then passed orally 
under direct vision. Anaesthesia is maintained 
with nitrous oxide (6 1/min) and oxygen 
(2 1./min) using a semiclosed system with a 
widely open expiratory valve. Pethidine 10 to 20 
mg is given intravenously as soon as spontaneous 
respiration is established. When time has been 
allowed for this to take effect, halothane is added 
to the gas mixture, being vaporized from the 
trichloroethylene bottle on the standard Boyle’s 
machine. When the patient is settled in the sitting 
position, halothane is withdrawn and reintroduced 
only when required to supplement the nitrous 
oxide at the times of greatest stimulation. 

The scalp is infiltrated with 1 per cent ligno- 
caine at the sites of fixation of the frame and the 
craniectomy incision. As halothane may sensitize 
the heart to adrenaline, this drug is not added 
to the lignocaine solution (Raventés, 1956; 
Millar, Gilbert and Brindle, 1958). 

On completion of stage II anaesthetic gases are 
withdrawn. In view of the possible difficulty in 
maintaining a clear airway with limited access 
to the head, the endotracheal tube is not removed 
until consciousness returns. No difficulties other 
than transient retching or coughing followed 
extubation. 


DISCUSSION 


In the early cases in this series an attempt was 
made to adapt a technique which was at that time 
recognized as satisfactory for other neurosur- 
gical operations. In these, anaesthesia was main- 
tained with nitrous oxide and oxygen supple- 
mented with pethidine or trichloroethylene. 
Although it was possible to achieve a rapid return 
of consciousness, there followed a period of 
drowsiness and poor co-operation which made 
assessment of the effect of the lesion difficult. 
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This technique was therefore abandoned and 
subsequent observations in this discussion do not 
refer to these cases. 

The problem was to find a technique which 
would produce adequate depression of the cough 
reflex and would allow rapid return of con- 
sciousness and full co-operation. A powerful, but 
rapidly eliminated nonexplosive drug was re- 
quired. As halothane appeared to meet these 
requirements, it was decided to give it a trial. 
Halothane has been used for 45 cases and has 
proved satisfactory. 

Although it was thought at first that the action 
of halothane in lowering the blood pressure might 
prove dangerous in the sitting position, it has 
in fact given little trouble in this respect. The 
transient fall invariably observed on sitting up 
elderly anaesthetized patients has rapidly cor- 
rected itself in all but two of these 45 cases. In 
each of these, methylamphetamine 5 mg intra- 
venously restored the pressure, with no subse- 
quent fall in spite of the resumed administration 
of halothane. This compares favourably with the 
incidence in patients undergoing diagnostic 
lumbar air encephalography when halothane has 
not been used. It is considered that this is due, at 
least in part, to the omission of morphine or 
similar drugs from the premedication. A small 
dose of pethidine has been found desirable to 
combat the tachypnoea sometimes associated with 
halothane anaesthesia (Kirchner, 1957). Experi- 
ence has shown that prevention is more effective 
than the treatment of an established tachypnoea, 
which may account for the fact that whereas the 
average dose of pethidine for the whole series 
was 31 mg, for the last 20 cases it was only 17 
mg. 
No sedative or analgesic premedication is given 
for the following reasons. Such drugs are res- 
piratory depressants and may impair an other- 
wise smooth transition from suxamethonium 
apnoea to adequate spontaneous respiration 
(Stark, 1958). Experience in anaesthesia for other 
neurosurgical operations has shown that omission 
of such drugs from the premedication facilitates 
control of the cough reflex during maintenance 
of anaesthesia. In addition, these drugs are peri- 
pheral vasodilators and interfere with the com- 
pensatory mechanisms which maintain blood 
pressure on change of posture. It is felt that they 
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are better avoided in the premedication when the 
patient is to be placed in the sitting position. 
Finally, these patients welcome the operation as 
a possible means of alleviating a most distressing 
disability and do not, in the writer’s opinion, 
require pre-operative sedation. 

All the patients received suxamethonium 
100 mg to produce relaxation for intubation. A 
relatively large dose is preferred to give perfect 
relaxation and to allow ample time for inflation 
of the lungs with oxygen, local analgesia of the 
trachea and larynx, intubation and inflation with 
the nitrous oxide-oxygen mixture before sponta- 
neous respiration returns. These patients were all 
treated pre-operatively with one or more of the 
anti-Parkinson drugs, the majority of them receiv- 
ing benzhexol up to and including the day of 
operation. No patient has shown an abnormal 
response to suxamethonium. It is not, therefore, 
considered that pre-operative treatment with benz- 
hexol is a contra-indication to the use of suxame- 
thonium. 

Dundee reports three cases of delayed recovery 
from anaesthesia in patients with Parkinson’s 
disease treated with benzhexol (Dundee, 1958) 
He attributes this to synergism between benz- 
hexol and thiopentone. All the patients in this 
series received thiopentone for induction of 
anaesthesia in doses ranging from 100 to 400 mg 
with an average dose of 280 mg. With one ex- 
ception all these patients were fully conscious 
and co-operative within 15 minutes of with- 
drawal of anaesthesia. The exception was a 51- 
year-old man who had been treated pre-opera- 
tively with benzhexol 30 mg daily. He received 
thiopentone 200 mg and pethidine 30 mg. 
Supplementary halothane was necessary through- 
out the 1? hours for which general anaesthesia 
was maintained. Although he regained con- 
sciousness 20 minutes after withdrawal of anaes- 
thesia, it was three-quarters of an hour before 
he was sufficiently co-operative for the surgeon 
to proceed with the operation. 

This delay in recovery might possibly be 
attributed to synergism between benzhexol and 
thiopentone but it is felt that a number of other 
factors should be taken into account. Firstly, the 
delay in recovery was in co-operation and not 
in the return of consciousness. Secondly, in the 
light of more recent experience the dosage of 
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pethidine can be considered high. Thirdly, halo- 
thane was administered continuously for 17 hours. 
It is felt, therefore, that this was a difficult 
patient who received more than the average 
amount of drugs for the maintenance of anaes- 
thesia. He might well have shown delay in re- 
covery if thiopentone had not been used. In view 
of the fact that there was only one case of de- 
layed recovery which is by no means definitely 
attributable to benzhexol thiopentone synergism, 
the writer doubts if such synergism occurs and 
suggests that the cases described by Dundee may 
possibly be due to a synergism between benzhexol 
and the morphine given in the premedication 
similar to that between chlorpromazine and mor- 
phine described by Buxton Hopkin (Hopkin and 
Brown, 1958). 

None of these patients vomited in the theatre. 
Retching and nausea were troublesome in three 
patients all of whom responded to promethazine 
12.5 mg intravenously. Parkinsonian rigidity 
returned rapidly in all cases before the thermo- 
coagulation. Return of tremor was not constant, 
but as the surgeon is chiefly interested in rigidity 
and power, this is not considered a great disad- 
vantage. In recent cases injection of niketha- 
mide 2 ml has been given intravenously in an 
attempt to restore the tremor. This has met with 
conspicuous success, which may, however, be 
coincidental. 


SUMMARY 


The operation of stereotaxic thermocoagulation 
of the globus pallidus is described briefly. The 
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anaesthetic requirements are discussed with par- 
ticular reference to the possible sensitivity of 
patients with Parkinson’s disease to anaesthetic 
drugs. An anaesthetic technique is outlined which 
has been evolved over a period of two years during 
which time the writer anaesthetized 54 patients 
for this operation. 
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THE CLINICAL USE OF HALOTHANE ANAESTHESIA DURING 
CARDIOPULMONARY BYPASS FOR OPEN-HEART SURGERY 
BY 


A. B. Butt, J. Ozinsxy, anp G. G. HARRISON 
Department of Anaesthetics, University of Cape Town, Red Cross War Memorial 


DuRING open heart surgery with cardiopulmonary 
bypass, whilst extracorporeal circulation is in pro- 
gress, the anaesthetist is faced with the problem 
of maintaining anaesthesia without access to the 
lungs. In addition, markedly altered blood circu- 
lation raises problems with regard to the intra- 
venous route of anaesthetic administration. At the 
commencement of perfusion, he is faced with the 
mixing of two blood volumes—that of the anaes- 
thetized patient and that of the donor blood used 
to prime the pump oxygenator. This mixing 
inevitably causes marked alteration in the level 
of anaesthetic agents in the patient’s circulation, 
unless some means of equilibrating anaesthetic 
levels in both blood volumes can be achieved. In 
the lightly anaesthetized patient, the dilution of 
anaesthetic concentration occurring may have the 
undesirable effect of allowing excessive movement 
on the part of the patient: even return of con- 
sciousness is not unknown. The addition of 
intravenous anaesthetic agents and relaxants to 
maintain an even level of anaesthesia is extremely 
difficult to judge and, as these agents are elimi- 
nated relatively slowly from the body, control 
may be far from flexible. This makes the desired 
rapid postoperative recovery from the influence 
of anaesthetic agents and relaxants difficult to 
achieve, unless extremely fine judgment is exer- 
cised in their use. 

Certain properties of halothane led us to believe 
that this agent might prove useful in overcoming 
these difficulties. Firstly, the clinical use of halo- 
thane for cardiac and thoracic surgery, not requir- 
ing cardiopulmonary bypass, has shown us that 
it is capable of providing adequate and safe 
anaesthesia for these procedures when it is used 
as the principal anaesthetic agent with nitrous 
oxide and oxygen without the use of relaxants 
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or of intravenous anaesthetic agents. Secondly, 
the easy control of the depth of anaesthesia 
obtained using small changes in the inhaled con- 
centration seems to indicate that its concentration 
in the blood is readily alterable in either direction. 

Following the successful experimental use of 
halothane anaesthesia for cardiopulmonary bypass 
procedures in dogs (Bull et al., 1959) it was 
decided to extend its use to clinical practice for 
patients undergoing open heart surgery using the 
DeWall-Lillehei pump oxygenator, with halothane 
as the principal anaesthetic agent both before and 
during extracorporeal circulation. 

Twenty-eight consecutive cases have been 
anaesthetized in this way. 


METHOD OF ANAESTHESIA 


Premedication. 

Eighteen cases in the series received pento- 
barbitone 3 mg/kg by mouth 2 hours before 
induction and pethidine 1 mg/kg together 
with atropine 0.6 mg (1/100 grain) by intramus- 
cular injection 1 hour before anaesthesia. In the 
remaining ten cases pethidine was omitted and 
pentobarbitone alone was used. 


Induction. 

In all patients in this series anaesthesia was 
induced using nitrous oxide, oxygen and halo- 
thane. Nitrous oxide and oxygen in the proportion 
of 70 per cent nitrous oxide to 30 per cent 
oxygen were delivered through a “Fluotec” 
vaporizer. At the commencement of induction the 
halothane concentration was increased fairly 
rapidly during the first 1 or 2 minutes to 1 per 
cent and thereafter more slowly to 1.5 per cent. 
After about 5 minutes, the larynx and trachea 
were sprayed with 2 or 4 per cent lignocaine, 
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the total dose of lignocaine never exceeding 2 
mg/kg body weight. Intubation was performed 
after a further 2 or 3 minutes of inhalation of 
1.5 per cent halothane, nitrous oxide and oxygen 
mixture. 


Maintenance. 

Anaesthesia was maintained with nitrous oxide 
70 per cent, oxygen 30 per cent, and halothane 1 
per cent using a high flowrate via a semiclosed 
system with carbon dioxide absorption. 

Spontaneous or assisted respiration was allowed 
up to the time of thoracotomy. Just prior to 
opening of the chest a very brief period of over- 
ventilation invariably allowed full control of 
respiration to be achieved and in no case was any 
relaxant used. Controlled respiration was con- 
tinued—the halothane concentration still at 1 per 
cent—up to the time of commencing extracor- 
poreal circulation. During extracorporeal circu- 
lation anaesthesia was maintained in the following 
manner. A Fluotec vaporizer was placed on the 
oxygen supply line to the DeWall bubble oxy- 
genator, which was set up as described by 
McKenzie and Barnard (1958), but included a 
stainless steel canister debubbler. During prim- 
ing of the oxygenator and the helix reservoir 
with blood, this vaporizer was set at 1 per cent. 
However, oxygen flow during priming was of the 
order of 1 1./min and as the Fluotec vaporizer 
used in this series was the Mark I model, it is 
likely that the halothane concentration delivered 
with the oxygen was less than 1 per cent. During 
perfusion, oxygen flow through the Fluotec was 
always in excess of 4 1./min and so the concen- 
tration of halothane delivered to the oxygenator 
was assumed to correspond closely to the vaporizer 
setting (Mackay, 1957; Hill, 1958). In eighteen 
cases the Fluotec setting was maintained at 
1 per cent throughout perfusion and in the re- 
maining ten cases the setting was deliberately 
altered from 1 per cent to 0 per cent. The oxygen 
to blood flow ratio through the oxygenator was 
in all cases approximately 2.5 or 3 to 1. Some 
variation of perfusion rate without corresponding 
adjustment of oxygen flow during individual 
perfusions makes it impossible to give this figure 
more accurately. 

At the conclusion of extracorporeal circulation, 
pulmonary ventilation was recommenced using 
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nitrous oxide and oxygen only. In all but three 
cases this sufficed for maintenance during closure. 
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In the three cases mentioned halothane 1 per cent 
was added for short periods as required. 


RESULTS 


The natures of the operations, the ages and the 
weights of the patients, the durations of extracor- 
poreal circulation, the rates of perfusion and the 
mean perfusion pressures in each patient are given 
in table I. 


General. 

The premedication indicated proved satisfactory 
in all cases and the patients were either asleep or 
extremely drowsy. The omission of pethidine from 
premedication in some patients was not governed 
by any contraindication to its use and both types 
of premedication provided equally satisfactory 
sedation. 

During induction and intubation no difficulty 
was experienced. Anaesthesia was rapidly and 
smoothly achieved. Short-lived coughing during 
spraying of the larynx and trachea was not un- 
common but laryngeal spasm was never encoun- 
tered. During the period of surgery preliminary 
to extracorporeal circulation it was necessary to 
increase halothane concentrations to 1.5 per cent 
for short periods in two cases during the first 30 
minutes of anaesthesia. In all the other cases, 
1 per cent halothane provided adequate anaes- 
thesia and allowed easy control of respiration 
during both extrathoracic and intrathoracic pre- 
liminary surgery, prior to cardiopulmonary by- 


pass. 

During bypass, no clinically detectable varia- 
tion in the depth of anaesthesia occurred unless 
the halothane concentration supplied to the oxy- 
genator was altered. In the ten cases where such 
alteration was made, it appeared that 0.7 per cent 
was the critical level below which respiratory 
movements in the patient commenced. When a 
change in the depth of anaesthesia was brought 
about by an alteration of the halothane concentra- 
tion to the oxygenator, a period of five to ten 
minutes elapsed before this became clinically 
obvious. By maintaining 1 per cent halothane 
with the oxygen to the bubble oxygenator no 
respiratory or other movement on the part of 
the patients occurred except in two cases. In these 
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Pot. 
Duration Mean citrate 
of per- Perfusion perfusion arrest 
Type Age Weight fusion rates pressure (duration 
of defect (years) (kg) (min) (ml/kg) (mm/ Hg) in min.) 
A.S.D. x 21 25 80 - - 
PS 9 44 23 60 70 
V.S.D. 6 19 69 85 60 ~ 
V.S.D. 10 31 44 80 60 2 
Traumatic fistula . 29 53 39 65 90 
E.C.D. 9 22 120 75 75 
PS. 10 24 71 90 70 
M.S 37 43 66 60 90 - 
F. 13 32 109 75 50 40 
60 70 55 95 
E.c.D. 10 23 54 75 55 
PS. + A.S.D. 23 43 66 65 70 
PS. 7 19 32 80 65 8 
A.S.D 16 47 42 60 60 
PS. 4 13 60 90 65 
PS. x 26 6 75 60 - 
VS.D.+P.DA 4 14 48 85 55 19 
F. 7 19 73 100 60 53 
E.C.D. 8 19 81 75 75 
VS.D. + Al. + PL 
+ Til. 20 70 83 50 60 48 

V.S.D. 7 17 66 80 50 27 
V.S.D. 4 13 68 90 40 44 
F. 5 14 92 113 40 55 
M.1. 44 45 82 70 90 
A.S.D. x 19 27 85 50 
AS.D. 10 33 33 80 50 ~ 
F. 16 51 79 60 70 25 
PS. 9 26 24 80 55 - 

A.S.D.= Atrial septal defect; P.S.=Pulmonary stenosis; 

V.S.D.= Ventricular septal defect; M.S. = Mitral stenosis; 

M.I.= Mitral incompetence; F=Fallot’s tetralogy; 


two cases three or four gentle diaphragmatic 
contractions occurred after five minutes of per- 
fusion and then ceased. This was thought to be 
due to low halothane concentration achieved 
during priming of the pump oxygenator in these 
cases. In one other case diaphragmatic contrac- 
tions occurred after twenty minutes of perfusion. 
This coincided with a temporary obstruction of 
the superior vena caval catheter and was corrected 
as soon as the obstruction was relieved. 


Halothane levels in the blood. 

In four cases samples of arterial blood were 
taken for estimation of the halothane content. All 
samples were taken from a cannula placed in the 
right internal mammary artery. Halothane esti- 
mations were performed by the method of 
W. A. M. Duncan (1959), modified by J. E. 


A.I.=Aortic incompetence; 
P.D.A.=Patent ductus arteriosus. 


Kench and E. J. Duncan (in press). The results 
of analysis are given in figure 1. 


Blood gas values and pH. 

Arterial and venous samples taken before 
perfusion, during perfusion, at 20 minutes and 10 
minutes after perfusion, were subjected to analysis 
for oxygen saturation and carbon dioxide content. 
The arterial samples were all taken from the right 
internal mammary artery. Venous samples were 
obtained either from a catheter placed in the 
inferior vena cava via the saphenous vein, or from 
an arm vein. The result of these estimations is 
given in figure 2. The pH values of arterial blood 
samples taken at the same times as above in 
12 of these cases are given in table II. The pH 
estimations were carried out on fresh arterial 
blood using the Beckman model “G” pH meter 
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TIME OF BYPASS IN MINUTES. 
Fic. 2 
Halothane values at 0 minutes on graph represent the 
level in arterial blood before the start of cardiopul- 
monary bypass. Other points represent the levels at 
times indicated during bypass in four cases. 


Mean oxygen saturations and carbon dioxide contents of venous and arterial blood 
in 28 patients presented as a histogram. 


by a simplified method (Turner, 1959). In three 
cases, simultaneous arterial samples and mixed 
venous samples from the venous well were 
obtained at known perfusion rates just after 
closure of the cardiac defect. Using the Fick 
principle, oxygen uptake was calculated from these 
values and gave the results indicated in table III. 


Perfusion pressures. 

Perfusion rates and mean perfusion pressures 
were as indicated in table I and in all except 
one case the perfusion pressures were monitored 
by a strain gauge attached to a catheter in the 
right internal mammary artery. 


Electroencephalograph. 

Electroencephalographic monitoring was avail- 
able in all adult patients. No undue suppression 
of cortical activity attributable to the anaesthetic 
agent or technique was evident. This wil! be the 
subject of a further communication. 
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Taste Il 
pH Total CO, m.equiv/I. 
ature 0} ect 
Before During After Before During After 
V.S.D. 7.35 7.44 23.2 13.2 
V.S.D. — 7.36 7.32 ~ 17.4 24.2 
A.S.D. 7.39 7.42 7.32 
S. => 7.36 7.43 741 13.52 21.24 14.35 
Endo. Cush. 7.41 7.33 7.36 
Fallot 7.48 7.53 7.34 
Endo. Cush 7.28 7.41 7.26 27.4 19.0 29.2 
Fallot ‘ 741 7.41 7.38 22.6 16.1 24.6 
V.S.D 741 7.43 7.39 23.5 16.0 22.3 
P.S. 7.35 7.40 7.34 25.0 15.0 22.0 
AS.D 7.42 7.38 7.38 22.2 13.9 19.1 
A.S.D 7.43 7.39 7.44 25.4 17.8 25.2 


pH values and carbon dioxide determinations are obtained from the same blood sample taken from 
the internal mammary artery in each case. Samples were taken just before bypass, during bypass, at 20 
minutes and 10 minutes after bypass. 


Taste lil 
Arterial Venous 
Weight of Pump oxygen oxygen Oxygen 
patient output saturation saturation Hb. G. uptake 
(kg) (ml/min) per cent per cent per cent ml (ml/kg/min) 
33 2800 96 63 13 48 
19 1980 96 64 13 5.8 
26 2080 95 60 13 4.8 


The oxygen uptake was calculated, using the Fick principle, from known pump output and arterial and 
venous oxygen content determined from percentage saturation and haemoglobin value. 


oxygen. The blood pressure in all cases returned 
to near the level recorded before perfusion, 
provided that the patient’s blood volume had been 
satisfactorily maintained. In this connection it 
must be emphasized that accurate assessment of 
blood loss throughout the operation must be 
energetically striven for and any deficiency rapidly 
made good. Nitrous oxide and oxygen provided 
adequate anaesthesia at this stage and permitted 
controlled respiration until the closure of the 


The heart. 

In the twenty-eight patients operated upon 
using halothane anaesthesia, the heart tolerated 
handling during various surgical procedures ex- 
tremely well. Apart from occasional extrasystoles 
and short bouts of atrial fibrillation, no serious 
arrhythmias were noticed. 

The arterial pressures were continuously re- 
corded by means of a polyethylene tube in the 
internal mammary artery and the inferior vena 


caval pressures by means of a polyethylene tube 
in this vessel. In none of the cases in this series 
were any unusual changes noticed which could 
suggest inadequate cardiac function. 

During total cardiopulmonary bypass the heart 
behaved normally. It tolerated potassium citrate 
asystole extremely well and took over adequately 
after the discontinuation of asystole and total 


bypass. 
Postperfusion. 


At the end of perfusion, ventilation of the lungs 
was recommenced using only nitrous oxide and 


chest, except in the three cases already referred 
to. All the patients were awake and able to answer 
questions intelligibly within ten minutes of the 
end of anaesthesia. 


DISCUSSION 


The state of anaesthesia obtained with halothane, 
when used as described, has been entirely satis- 
factory, both from the point of view of surgeon 
and of the anaesthetist. A degree of stability and 
control was achieved more easily than has been 
possible in our hands using thiopentone and 
relaxants in a series of thirty cases reported by 
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one of us (Ozinsky, 1959). There was no death 
in the series and no morbidity which could be 
attributed to the anaesthesia. As halothane is 
eliminated by the lungs there is the advantage 
that there need be no fears regarding circulatory, 
renal or hepatic elimination of this agent. 

Hypotension before or after perfusion has 
not been of such a degree as to cause anxiety. A 
fall in systolic pressure of some 10 to 20 mm Hg 
from pre-anaesthetic levels is usual. Pressures 
during perfusion may remain somewhat lower 
than those which have been encountered with 
comparable perfusion rates using thiopentone and 
relaxants. This is probably due to the action of 
halothane on peripheral vessels described by Burn 
and Epstein (1959). If so, it is felt that this may 
be an advantage as it would indicatea lesser degree 
of peripheral vasoconstriction from sympathomi- 
metic stimuli induced by reflexes brought about by 
the altered haemodynamics of total body perfusion 
under light anaesthesia. Such sympathetic stimuli 
may be a potent cause of metabolic acidosis 
(Griffiths et al., 1939; DeWall et al., 1956). 
It is felt that some degree of vasodilatation is 
also beneficial in the immediate postperfusion 
stage because it allows the traumatized heart to 
take over initially against a diminished vascular 
resistance. 

The postoperative recovery and the electro- 
encephalographic recordings have given no indi- 
cation that cerebral hypoxia occurred in any case. 
Clinical observation also confirmed the existence 
of a good peripheral circulation as evidenced by 
good colour of conjunctivae and extremities 
throughout perfusion. 

Encephalocardiographic recordings and the 
observation of an experienced cardiac surgeon 
have given no indication of cardiac arrhythmias 
or increased myocardial instability which could 
be attributed to the anaesthesia. In cases in which 
elective cardiac arrest was produced with potas- 
sium citrate (see table I) the resumption of normal 
rhythm was not delayed. In four cases in which 
ventricular fibrillation accompanied the termina- 
tion of potassium citrate arrest, defibrillation was 
not difficult to achieve. 

There is no indication of any interference 
with gas exchange in the oxygenator. The 
three figures obtained for oxygen uptake, al- 
though too few to provide conclusive evidence, 
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appear to be satisfactory. There is no notable 
depression in oxygen consumption, but it is 
interesting to speculate on the possible results of 
using higher blood anaesthetic concentrations. 
In one experiment on a dog, one of us (A.B.B.) 
has deliberately produced cardiac arrest during 
perfusion with blood containing a high halo- 
thane content. This arrest was reversible on 
eliminating the halothane via the pump oxy- 
genator system, and the possibility remains that 
a general depression of all tissue metabolism may 
be attainable, thus permitting the use of lower 
perfusion rates when this state has been achieved. 

The blood halothane levels obtained show a 
satisfactory state of consistency throughout by- 
pass. Clinical observation and e¢.e.g. monitoring 
have led us to the conclusion that 1 per cent halo- 
thane provides adequate and safe anaesthetic 
conditions. 


SUMMARY 


A technique of anaesthesia for open heart surgery 
using the Lillehei-DeWall pump oxygenator is 
described. Halothane, without intravenous agents, 
is used as the principal anaesthestic agent and is 
administered via the lungs prior to, and during, 
extracorporeal circulation and via the bubble 
oxygenator during cardiopulmonary bypass. The 
results obtained in twenty-eight unselected 
patients, in whom most types of open heart sur- 
gery were undertaken, when anaesthetized in this 
way are discussed. There was no mortality or 
morbidity in this series. 
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BOOK REVIEW 


Le Laryngologiste et les données actuelles du 
traitement des insuffisances respiratoire 
aigues. By P. Aboulker with the collaboration 
of J. Lissac and O. Saint-Paul. Published by 
Librairie Arnette, Paris. Price Fr. 6000. 


The book sets out the results of the experience 
gained at the Centre de Réanimation de |’Hépital 
Claude Bernard by joint staffs of the departments 
of Medicine and Otolaryngology. Professor 
Aboulker, Director of the Department of Otolar- 
yngology has collaborated for the best part of five 
years with a Neurorespiratory Resuscitation 
Centre originally conceived and run by Professor 
P. Mollaret “et ume remarquable équipe de 
médecins et de physiologistes”. More than 520 
tracheotomized patients were treated and followed 
up. The practical sections of the book make 
excellent reading and one is impressed by the 
management and after-care of the tracheotomies. 
Much attention is paid to minute clinical detail; 
for instance, the diagnosis and treatment of crust- 
ing after opening of the trachea is better dealt 
with than in any other book the reviewer has read 
on the subject. There is much in the book which 
appears irrelevant from this side of the Channel, 
but when one remembers that up to 1950 there 
was no French textbook on physiology, one will 
appreciate that the author felt compelled to deal 
with the physiology of respiration and how it is 
disturbed by respiratory obstruction. 


From the point of view of the anaesthetist 
there is only one short chapter of eleven pages 
which is exclusively devoted to the matter. It is 
competently handled by Dr. Vourc’h who gives 
a commonsense view of the indications for and 
the contra-indications against intubation, the 
accidents that may occur, finishing up with the 
statistics obtained at the hospital. It is possible, 
indeed probable, that conditions in France differ 
considerably from those in England. Many of 
the services for which it is proposed to call in the 
help of the laryngologist can equally well be 
supplied by the anaesthetist. The modern anaes- 
thetist is an expert with the laryngoscope and 
he must be very clumsy or faint hearted if he 
cannot do a tracheotomy when it is urgently 
required. 

The standard of the illustrations is very high, 
particularly the tomograms of the abnormal 
trachea and endoscopic views obtained from 
tracheotomized patients. One readily recalls that 
the French are past masters, indeed pioneers, of 
endoscopic filming of the respiratory tract. Records 
thus obtained have inestimable value in teaching 
and follow-up. The style varies a good deal as one 
would expect in a book produced by multiple 
authorship; some beautiful Gallic prose is often 
spoilt by tiresome tirades; the clarity of factual 
explanations is, however, unsurpassed. On the 
whole this is a most informative volume. 

R. F. Rohan 
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A PATIENT suffered cardiac arrest after being sub- 
jected to intermittent positive-pressure respira- 
tion with an unsuspectedly high concentration 
of halothane. The cardiac arrest was successfully 
treated and the high halothane concentration was 
found to be due to a mechanical fault in the 
vaporizer used in the anaesthetic circuit. 


CASE REPORT 


The patient was a 59-year-old man, admitted for left 
inguinal herniorrhaphy. At examination, it was found 
he showed 
diminution of chest movement on respiration. On 
account of this it was decided to use endotracheal 
anaesthesia with controlled respiration. His physical 
condition was otherwise normal, with blood pres- 
sure 140/80 mm Hg. 

On the day of operation, the sequence of events 
was as follows. 


symmetrical and_ generalized 


Pethidine 50 mg, and atropine 0.65 mg intra- 
muscularly. 
Thiopentone 250 mg and suxamethonium 60 
mg intravenously. After inflation of lungs with 
oxygen and spraying of larynx and upper 
trachea with 4 per cent lignocaine solution, 
no. 10 cuffed endotracheal tube passed and cuff 
inflated. Manually controlled respiration with 
nitrous oxide and oxygen (7 and 2 1. per min). 
Apparatus—standard Boyle’s pattern arranged 
for semiclosed circuit (Mapleson, system “B”; 
Mapleson, 1954); halothane vaporizer between 
rotameters and ether bottle mounting. 
Pethidine 20 mg I-V. Patient taken into theatre 
(still on LP.P.R.). During preparation of 
operation site, attempt at spontaneous respira- 
tion. Halothane vaporizer set at 0.5 per cent 
mark and the lung inflated 3 times; setting 
increased to 1.0 per cent and the lung inflated 
5 or 6 times: setting was then advanced to 1.5 
per cent and maintained there. 
Patient’s clinical condition normal, Skin incision 
made: minimal bleeding, but apparently normal 
pulsation palpable in left superficial temporal 
artery. 
Incision made deeper. No active bleeding; no 
arterial pulsation palpable. 
(It is estimated that by this time the lungs had 


been inflated some 40 times with vaporizer 7 
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at 1.5 per cent halothane vapour, with an 
imposed tidal volume of 500-600 ml). My sl 
izer and nitrous oxide turned off: high flow- 
rate of oxygen by LP.P.R. Table tilted steeply 
head down. Left chest opened through incision 
in 4th interspace. Heart found to be in 
asystole. No contractions after 3 or 4 manual 
compressions. Incision extended up through 
4th costal cartilage and pericardium opened: 
ventricular fibrillation seen. Two shocks with 
defibrillator set at 125 V resulted in regular 
cardiac contractions. Cardiac output poor: 
descending aorta compressed. Immediate re- 
establishment of ventricular fibrillation. Two 
more shocks at 125 V resulted in cardiac arrest: 
one manual compression resulted in normal, 
rhythmical and effective cardiac contractions. 
(Full oxygenation by LP.P.R. maintained 
throughout. No enlargement of pupils beyond 
mid-dilatation.) 

Herniorrhaphy commenced (chest and peri- 
cardium left unsutured). ‘Nitrous oxide and 
oxygen by LP.P.R. (7 and 2 L/min). 
Spontaneous respiration commenced: _pethi- 
dine 20 mg intravenously and hyperventilation. 
50 ml of 50 per cent sucrose solution I-V. 
Herniorrhaphy completed. A shallow incision, 
2 cm long, was found in anterior surface of 
upper lobe of left lung: lung sutured—no 
visible signs of gas leakage on I.P.P.R. Peri- 
cardium closed. 

Closure of chest completed (under-water seal 
drainage through low axillary line incision). 
Patient sent from theatre. Respiration normal 
in character; pharyngeal airway tolerated. 
Blood pressure 125/75 mm Hg, Pupils small, 
brisk reaction to light; slow lateral eye move- 
ments. 

Patient still unconscious. Breathing stertorous; 
considerable restlessness. 50 ml of 50 per cent 
sucrose intravenously. 
Breathing normal; no _ restlessness. Surgical 
emphysema found, extending from left 
shoulder to left costal margin; air heard to 
escape from chest wound at each expiration 
but underwater seal drainage apparently 
satisfactory. 

Chest radiograph showed no evidence of lung 
collapse, pneumothorax or fluid in chest. 
Surgical emphysema spreading. Decided to 
re-open chest on account of possibility of un- 
suspected injury to lung during intrathoracic 
manipulations, Atropine 0.65 mg intrav 
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1250 Intubation with No. 10 cuffed tube after thio- 
pentone 75 mg and suxamethonium 40 mg. 
LP.P.R. with nitrous oxide and oxygen, 7 and 
2 L/min. Chest re-opened; found that the 
sutures at lung incision (see note made at 1010) 
had cut out. Intercostal muscle graft applied 
over tears. 

1330 Chest closed, with under water seal drainage. 
Patient's condition good throughout. Blood 
pressure 135/90 mm Hg. 

1415 50 mi of 50 per cent sucrose intravenously. 
Blood pressure 145/100 mm Hg. Respiration 
quiet; airway tolerated. Allowed to leave 
operating theatre. 

1600 Two episodes of restlessness with stertorous 

to breathing, and alternating muscle flaccidity and 

1700 spasticity: each successfully treated with suc- 
rose. Pupils equal and small. Normal super- 
ficial and tendon reflex responses, No physical 
response to supraorbital pressure. 

2000 Three intramuscular injections of paraldehyde, 
to 8 ml, on account of restlessness (without 
0245 spasticity or flaccidity.) 
First postoperative day. 
1100 Patient opened eyes, stared blankly on gentle 
stimulation and became restless. Incontinent of 
urine; no abnormal neurological signs, Chest 
radiograph showed partial collapse of left lower 
lobe (this re-expanded steadily over the next 
few days.) 

1800 Rousable to drink small quantities of fluid. 
Deeply asleep when undisturbed. 

Second day. 

1600 Removed his own anterior chest drain and 
went for short walk. Resentful of restraint; 
paraldehyde given intramuscularly. 

2000 Able to carry on coherent, though aggressive 
conversation. Retrograde amnesia, extending 
back for about two weeks. 

Subsequent progress. 

During 3rd day, period of retrograde amnesia had 
shortened to § days, by Sth day, this period had 
become reduced to pre-operative 24 hours, and his 
mentality appeared to be normal. Discharged from 
hospital on 15th day, and when seen as out-patient 
6 weeks after operation was in excellent health. 


SUBSEQUENT INVESTIGATIONS AND RESULTS 
When the alarums and excursions of the day of 
operation were over, it was recalled that, at their 
height, one of the Theatre Sisters had remarked 
“This makes the second cardiac arrest with halo- 
thane in less than 12 hours”. The writer accord- 
ingly proceeded to investigate the performance 
of the vaporizer. It was found that with the 
control set at 1.5 per cent (the maximum reached 
during the events already described), the smell 
of halothane in the issuing gases suggested a con- 
centration considerably in excess of that figure. 
The control was then turned to the 3 per cent 
position and it was noticed that there was diffi- 
culty in moving the dial past the 1.5 per cent 
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mark. The concentration of halothane with the 
control set at 3 per cent was such that one short 
inspiration made it necessary for the observer to 
sit down quickly. 

The vaporizer was then tested by measuring 
the residual volume of halothane after passing 7 
and 2 litres per minute of nitrous oxide and oxygen 
over a known volume of the agent for 10 minutes, 
with the control dial set at 1.5 per cent. In turning 
the dial rapidly from the “Off” to the 1.5 per 
cent position, difficulty was encountered in 
moving it beyond the 1.3 per cent mark. It was 
found that 41 ml of halothane had been taken up 
by the 90 litres of gases passed through the 
vaporizer; without making corrections for the pre- 
vailing physical conditions, this gave a concentra- 
tion of 8.8 per cent halothane in the issuing gases. 

Similar, but more accurate, tests were then 
carried out at various points over the vaporizer’s 
whole calibrated range. With the exception noted 
in the next paragraph, there was difficulty in 
moving the control dial past the 1.3 per cent 
position. Checking the total nitrous oxide and 


TasLe I 
Vaporizer Performance. 
Column | Column 2 
Per cent Per cent 
Control dial Halothane  halothane| halothane 
setting used (g.) (vapour) (vapour) 
1.3% 27-19 
Off 0 0 0 
0.5% 73 8.6 0.57 
0.6% 0.95 
0.7% 1.4 
0.8% 2.1 
0.9% 3.8 
1.0% 49 5.8 5.2 
1.1% 5.4 
1.2% 5.6 
1.3% 5.9 
1.4% 5.9 
1.5% 78 8.9 5.6 
2.0%, 69 8.0 
2.5% 57 6.7 
3.0% 21 2.6 2.3 
0.5% 9 1.0 
1.0% 41 4.8 
1.5% 82 9.4 
Physical conditions: 
Room temperature: 21°C. 
Barometer: 1009 mb. 1011 mb. 
Flow rates: Air, 9 L/min. 
nitrous oxide, 7 |./min. Refractometer 
oxygen, 2 1./min. cell length: 
Place: Bristol. 10 cm. Oxford. 
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oxygen flow as indicated on the rotameters 
against a Parkinson-Cowan meter showed that 
the flow was 88.9 litres in 10 minutes. 

The results of these tests are set out in the 
first column of table I, and it will be seen that 
the first tests at control settings of 0.5 per cent, 
1.0 per cent and 1.5 per cent were repeated and 
that the results were not reproducible. It had 
been found that no difficulty was encountered in 
returning the control dial to the “Off” position, 
or in taking it to the 1.5 per cent mark during 
the repeat experiments. 

The events related above took place on a 
Friday, and, after establishing the fact that the 
vaporizer was faulty (and taking it out of service), 
other members of the anaesthetic staff were asked 
whether they had observed any unexpected 
results when using the apparatus. A total of 4 
cases was reported by two anaesthetists. Their 
patients, anaesthetized on the Wednesday and 
Thursday, had rapidly developed apnoea while 
spontaneously breathing halothane-nitrous oxide- 
oxygen mixtures with the vaporizer control set 
at concentrations of from 1 per cent to 1.5 per 
cent. It was established that the vaporizer was 
functioning correctly on the Monday. 

On the following day (Saturday), the death 
occurred of the first patient who had suffered 
cardiac arrest. (This patient had been anaesthe- 
tized on the Thursday night and was the one 
mentioned by the Theatre Sister during the 
operation proceedings detailed above. Subsequent 
enquiries indicated that halothane had not, in 
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fact, been used in this case.) At this time, the 
survival of the writer’s patient was by no means 
certain; it therefore seemed essential to have the 
vaporizer tested more accurately than had 
hitherto been possible, and by an independent 
expert. Dr. H. G. Epstein, of the Nuffield 
Department of Anaesthetics, Oxford, very kindly 
agreed to conduct the tests, at which the manu- 
facturers of the vaporizer were represented. The 
vaporizer was removed from the Boyle’s appara- 
tus, and, in the course of demonstrating to a 
colleague the intermittent stiffness of movement 
of the control dial, marked difficulty was again 
encountered in turning the dial around the 1.3 
per cent position. The vaporizer was handed to 
Dr. Epstein with the dial in this position, and 
his first test was conducted at this setting. The 
results of his tests are set out in the second 
column of table I. The observed fall in halothane 
concentration from 27 per cent to 19 per cent 
during the two-minute period of the first test 
(at 1.3 per cent dial setting) was probably due 
to cooling effects in the vaporizer, resulting from 
rapid evaporation of liquid halothane. 

When Dr. Epstein had completed his tests, the 
manufacturer’s representative dismantled the 
control mechanism of the vaporizer, and this is 
shown partly “exploded” in figure 1. 

When completely assembled, the part indi- 
cated by (A) is screwed on the spindle (B) so 
that the hole (C) lies in the plane marked 
(D...D). The control dial (E) partly covers the 
hole (C), which is tapped to take an Allen- 
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Fic. | 
Partially “exploded” view of control mechanism of vaporizer. 
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headed grub-screw with a cone point. It is the 
hold of this grub-screw on the spindle (B) at a 
point in plane (D...D) which causes the spindle 
to rotate helically when the control dial is turned, 
for the helical groove (F) is engaged with a peg 
in the main body of the apparatus. 

When the vaporizer is assembled in the pro- 
cess of manufacture, the part (A) is threaded on 
spindle (B) to a position which experience indi- 
cates as being approximately correct. The grub- 
screw is then tightened to hold the control 
mechanism together, the apparatus charged with 
halothane and tested by refractometry. The por- 
tion of the spindle (G) governs passage of gases 
through a port into the halothane-containing 
chamber, and a relatively small advancement of 
this part (resulting from helical rotation of the 
whole spindle) causes a comparatively large 
increased diversion of gases into the chamber and 
consequently high halothane enrichment of the 
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finally emergent gas-halothane mixture. The 
actual (longitudinal) position of the grub-screw 
on the spindle is therefore critical, for on it 
depends the point at which the part (G) of the 
spindle, under the influence of the helical groove 
(F), begins to allow gases to pick up halothane 
vapour. 

It frequently happens that the initial (trial) 
setting of the grub-screw is proved by the 
refractometer to be incorrect. The screw is then 
slackened and the part (A) moved axially along 
the spindle to a different position, the amount 
of alteration being governed by the refractometer 
reading considered in the light of manufacturing 
experience. The apparatus is then retested, and 
the whole process is repeated until acceptable 
refractometer readings are obtained. 

Figures 2 and 3 show detail of the spindle 
around plane D__D (v. fig. 1). The indentations 
(H), (J), (K), and (L) make it seem likely that 


Fic. 2 


Fic. 3 


Detail of spindle of control mechanism around “D.. D” (fig. 1). 
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four trials were necessary to adjust this vaporizer 
to satisfactory performance. 

Now, each time the screw is tightened, its point 
becomes blunted by an amount depending on 
the relative hardness of screw and of spindle, and 
on the force used. Figure 4 is a silhouette photo- 
graph of the screw removed from the faulty 
vaporizer, and the flattened point is readily seen 
both there and in figure 5. 
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further in the process). There came a time when 
a normal rotation of the dial caused the screw- 
point to slip out of its indentation. The control 
assembly (A) (fig. 1) was then able to rotate 
independently of the spindle, carrying the grub- 
screw with it, and it probably so rotated until 
the “point” of the screw caught in one of the 
trial indentations on the spindle. During this 
rotation of the control assembly on the spindle, 


Fic. 5 


Silhouette and photograph of grub-screw removed from “C” (fig. 1). 


Referring again to figures 2 and 3, it will be 
seen that a scored groove (M) runs round the 
spindle in a helical manner, and this same mark 
can be seen in figure 1 in the line of plane 
(D...D). This groove runs through all four of 
the grub-screw indentations (H), (J), (K), and 
(L). 

Reviewing the evidence, we found: (1) incon- 
stant difficulty in turning the control dial; (2) a 
blunted grub-screw; (3) a scored helical mark 
on the spindle. From these three points, we can 
reasonably deduce the sequence of events to be 
as follows. With repeated, normal, to-and-fro 
rotation of the control dial, the blunted tip of 
the grub-screw gradually enlarged its (final) 
indentation on the spindle (blunting itself still 


the end of the screw would be closely applied 
to the spindle, giving rise to stiffness of opera- 
tion of the control dial and scoring the spindle. 
Once the screwpoint had slipped out of its (final) 
indentation, the degree of rotation imposed on 
the spindle (and, therefore, the extent of diversion 
of gases into the halothane-containing chamber 
following helical movement of (G) for a given 
movement of the control dial) would not neces- 
sarily be releted to the dial movement. It can 
fairly be assumed that the spindle movement 
would be entirely unpredictable, governed as it 
then would be by whether the end of the screw 
caught in one of the three trial indentations or 
at some point on the helical track it had made 
on the spindle. The control dial assembly screws 
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on to the spindle by a right-hand thread, so that 
clockwise rotation of the dial to the “Off” 
position, aided by frictional resistance imposed 
on the spindle by tension in the spring (N) 
(fig. 1), ensures that however much (within the 
structural limits of the vaporizer) the dial 
assembly has become unscrewed, this assembly 
will travel down its thread and reach the position 
at which positive locking to the “Off” position 
will occur. 


DISCUSSION 
There is no doubt but that blame for the clinical 
events detailed above rests solely with the anaes- 
thetic management of the case. 

The original intention was to maintain anaes- 
thesia with nitrous oxide and oxygen by hyper- 
ventilation, with supplementary intravenous 
injections of pethidine and relaxant given as 
required. The halothane was added to tide over 
a lapse from good management, and was used in 
an amount and in a manner believed by the 
writer to be safe. Subsequent events and investi- 
gations show that assumption to have been in- 
correct, and it is therefore necessary to examine 
the pharmacology of the agent in relation to the 
circumstances of the particular case. 

From the time of introduction of halothane, 
it has been recognized that it is, by itself, capable 
of inducing cardiac arrhythmias. Raventdés (1956), 
using concentrations of the vapour of up to 4 
per cent, showed that cardiac arrhythmias did not 
develop in dogs anaesthetized with halothane 
unless adrenaline or noradrenaline were injected 
intravenously. Later work, by Hall and Norris 
(1958), seemed to confirm this, for they recorded 
the death of a dog after 12 minutes exposure to 
a 4 per cent concentration of halothane, and 
noting that prior to death the animal had com- 
plete apnoea and a normal e.c.g., they questioned 
the alleged cardiotoxicity of halothane They 
state that in their work no severe arrhythmias 
developed until long after respiratory arrest. On 
the other hand, Stephen et al. (1958a) showed 
that complete heart-block developed in dogs 
artificially ventilated with 5 per cent halothane 
vapour. They noted that recovery sometimes 
followed mere discontinuance of the halothane 
and maintenance of normal ventilation with 


oxygen. 


BRITISH JOURNAL OF ANAESTHESIA 


There is conflicting evidence on the arrhy- 
thmia-inducing effect of adrenaline during 
halothane anaesthesia. Raventés (1956) found that 
large doses of adrenaline or noradrenaline could be 
injected subcutaneously or intramuscularly in dogs 
without producing ventricular disturbances. In 
man, whose myocardium is probably more sensi- 
tive to the effects of adrenaline than is that of 
the dog, Junkin et al. (1957), MacKay (1957) 
and Marrett (1957) all reported the injection of 
adrenaline-containing solutions without clini- 
cally noticeable cardiac effect. However, Brindle 
et al. (1957) suggested that the subcutaneous 
injection of adrenaline during uncomplicated 
halothane anaesthesia in man may be hazardous. 
They based this statement on the results of 
monitoring the e.c.g. following administration 
of 500 micrograms of adrenaline in 1:1,500 
cinchocaine solution during halothane anaesthesia 
(vapour concentration usually under 1 per cent): 
they demonstrated the occurrence of supraventri- 
cular extrasystoles, pulsus bigeminus and multi- 
focal bigeminal rhythm. 

In the case under discussion, it is reasonable 
to believe that an adequate depth of anaesthesia 
had been reached by the time the surgical incision 
was made—even if the vaporizer had been 
delivering only the indicated concentration of 
halothane. It therefore seems unlikely that adre- 
naline-induced sensitivity of this patient’s myo- 
cardium to halothane was responsible for the 
cardiac arrest. 

In his first series of halothane anaesthesias, 
Johnstone (1956) observed that vagal-type 
arrythmias occurred when vapour concentra- 
tions of from 2.2 per cent to 3.2 per cent were 
used for maintenance of anaesthesia and he found 
that these arrhythmias were abolished by atropine; 
their incidence was eliminated by adequate pre- 
anaesthetic atropinization. The necessity for 
proper atropinization was emphasized by Brennan 
et al. (1957), who stated that the administration 
of halothane after an inadequate dose of atro- 
pine permitted activation of the parasympathetic 
innervation of the heart, and led to the consequent 
likelihood of development of cardiac inhibition 
and arrest. 

Brennan (1957) pointed out that hyoscine was 
no substitute for atropine as a means of protec- 
ing the heart in these circumstances. The validity 
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of these observations is emphasized by some 
reports on cardiac arrhythmias associated with 
halothane anaesthesia. Burnap et al. (1958) state 
that “minimal medication with a belladonna 
drug” may have accounted for the fact that in 
a series of 102 patients, 22 developed arrhythmias 
such as nodal rhythm, bifocal and multifocal 
ventricular extrasystoles and bradycardia, while 
Hudon et al. (1957) reported arrhythmias in 14 
per cent of e.c.g.’s taken during halothane anaes- 
thesia. These latter authors do not state the 
atropine dosage used—in fact, 10 per cent of the 
patients in the series reported did not receive 
any atropine. 

Delaney (1958), using atropine premedication 
of 0.6 mg, commented on the association of 
abnormal e.c.g.’s and laryngeal reaction to intu- 
bation under halothane anaesthesia, and com- 
pared the coupled rhythm and _ ventricular 
extrasystoles seen in two such cases with the 
similar disturbances noted by Hill (1932) during 
induction of chloroform anaesthesia and regarded 
by him as a “preventricular fibrillation stage” 
which could pass wumnnoticed clinically. As 
mentioned above, Brindle et al. (1957) noted 
similar e.c.g.’s after injection of adrenaline during 
halothane anaesthesia. 

Although Stephen et al. (1957) reported using 
halothane in concentrations of up to 3.5—4 per 
cent for induction of anaesthesia, after premedi- 
cation with atropine or oxyphenonium 0.6 mg, 
they regarded cardiac arrhythmias as occurring 
less often and as being of no more serious nature 
than those occurring during cyclopropane anaes- 
thesia. Burns et al. (1957), using morphia and 
either atropine or scopolamine in unstated doses 
for premedication, and maintaining anaesthesia 
with concentrations of halothane of from 1 per 
cent to 1.5 per cent, reported that e.c.g. monitoring 
confirmed the suspicion that most of the observed 
cardiac irregularities were, in fact, ventricular 
extrasystoles. 

Johnstone (1957) stated his belief that positive 
pressure inflation of the lungs with halothane in 
the presence of inadequate atropinization is very 
likely to lead to vagal inhibition and arrest of the 
heart. He and co-workers (Brennan et al., 1957) 
defined adequate atropinization as being achieved 
by giving 0.6 mg of the drug with the induction 
dose of thiopentone, or, if halothane is used for 
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induction, by giving the same dose intravenously 
one minute before commencing induction. 

Reports have appeared of 10 cases of cardiac 
arrest associated with halothane anaesthesia. 
Chang et al. (1957), Foster (1957), and Stephen 
et al. (1958b), 1 case each. Hudon et al. (1957), 
and Carson et al. (1959), two cases each. Abajian 
et al. (1958 and 1959) and Mazuzan (1959), 3 
cases. In addition, Robson and Sheridan (1957) 
reported a case in which, clinically, cardiac arrest 
was believed to have occurred. Such relevant 
details of these cases as are available are sum- 
marized in table II, and the following points are 
noteworthy : 

1. The general inadequacy (by Johnstone’s 
standards) of atropinization. 

2. Where there are sufficient data, the uniform 
association of controlled or assisted respiration 
and the placing of the halothane vaporizer within 
the circle system. 

3. With one exception, all the patients made 
complete recoveries after cardiac massage and 
“washing out” the halothane. (Compare this with 
the animal experiments of Stephen et al. (1958a). 

4. The case reported by Chang et al. had 
received atropine, 0.65 mg, intravenously 5 
minutes before cardiac arrest occurred. During 
those 5 minutes, the patient had been given an 
increased concentration of halothane by inter- 
mittent positive-pressure respiration, These cir- 
cumstances give practical point to the observation 
that large doses (2.0 mg or more) of atropine are 
required to free the heart from vagal control 
(Goodman and Gilman, 1955). 

5. The presence, in 4 of the cases, of circum- 
stances which would result in hypoxia and/or 
hypercarbia, with the attendant possibility of 
increased adrenaline output. 

In the case of cardiac arrest here described, 
it is unlikely that hypoxia or hypercarbia were 
present. Overdosage with halothane undoubtedly 
was present. Waters (1951) says of chloroform 
“Display of a sudden extremely high concentra- 
tion may act centrally on the heart and cause a 
drop in blood pressure which, if severe enough 
and sudden enough, may be accompanied by 
cardiac arrest”. It does not seem likely that this 
mechanism accounted for the present case, as 
the excessive concentration of halothane had been 
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administered for at least 4 minutes before cardiac 
arrest occurred. 

It seems more likely that the cause of arrest 
was vagal inhibition of the heart following 
delivery by positive-pressure respiration of a high 
concentration of halothane to an inadequately- 
atropinized patient. It is possible that the dosage 
of atropine would have been adequate for the 
intended temporary administration of the agent 
in a low concentration. Apart from ensuring 
proper atropinization of planned halothane 
anaesthesias, it is now the writer’s practice to 
have atropine 0.65 mg in a syringe lying on the 
table of any anaesthetic apparatus which he is 
using and which is equipped for giving halothane. 

It does appear from this case, and from the 
others listed in table II, that early recognition of 
impending cardiac arrest can lead to successful 
reversal of the phenomenon by simply washing 
out the halothane by efficient lung ventilation 
with oxygen. Prevention lies in proper pre- 
medication with atropine and the employment 
of means of vaporizing the halothane which at 
all times deliver safe concentrations of the agent 
to the patient—not merely into the vehicle gas 
stream. In this latter connection, accuracy in per- 
formance and simplicity of design of vaporizers 
are all important. Simplicity is accompanied by 
a minimum of possible mechanical failures—any 
of which may occur unsuspected by the anaes- 
thetist until he finds himself confronted with a 
major disaster. Whatever design of vaporizer 
ultimately proves the best, there can be no sub- 
stitute for watchfulness on the part of the 
anaesthetist—with this agent as with any other. 

It is worth noting that, using the vaporizer 
described in the present case, 2 anaesthetists 
experienced unexpected effects in 4 patients. 
Until that time there had been no reason to 
suspect the vaporizer’s performance. It is very 
likely that, had those 4 cases been reported to a 
senior anaesthetist, the faulty state of the appar- 
atus would have been discovered in time to 
prevent the occurrence of the clinical events 
described in this communication. 


SUMMARY 
A case of cardiac arrest associated with halo- 
thane anaesthesia with ultimate recovery is pre- 
sented. 
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Cardiac arrest was probably due to vagal inhi- 
bition of the heart in an inadequately-atropinized 
patient, following intermittent positive-pressure 
respiration with an unsuspectedly high concen- 
tration of halothane. 

The existence of a mechanical fault within a 
calibrated vaporizer was responsible for the 
unduly high concentration of halothane. The 
investigation and the nature of the fault are 


described. 
Other reported cases of cardiac arrest associated 
with halothane anaesthesia are reviewed and some 


common factors noted. 
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BOOK REVIEW 


General Anaesthesia (in 2 volumes). Edited by 
Frankis T. Evans, M.B., B.S., F.F.A.R.C.S.., 
D.A., and Cecil Gray, M.D., F.F.A.R.C.S., 
D.A. Vol. 1, pp. xiv + 531 + index; Vol. 2, 
pp. xii + 431 + index; 199 illustrations 
Published by Butterworths, London. Price 
£7 7s. net per set. 


This book, designed to cover comprehensively 
the study of modern anaesthetic practice and as 
a text for reference to its many aspects, has wisely 
been produced in two volumes. That they total 
well-nigh one thousand pages is the clearest 
indication that the field of anaesthesia is expand- 
ing to increasingly spacious horizons. It might 
well be thought that to read this book was a for- 
midable task but such is far from the case—a 
happy circumstance perhaps due to the varied 
styles of its many famous authors, It is no exag- 
geration to say that the editors have so arranged 
the material that the subjects follow one another 
like the chapters of a good story-book. This is 
especially true of the first volume which deals with 
Basic Principles—not usually conducive to easy 
reading. The second volume is devoted to Tech- 
niques, Special Fields and Hazards and here, of 
course, it has been less easy to maintain a sense 
of continuity. The idea of the book as a text 
for reference is more prominent in this second 


part. 


In the first volume, specialized aspects of basic 
subjects are treated by acknowledged authorities. 
In addition to chapters on anatomy and special 
physiology, there are original contributions on 
such topics as premedication, intravenous anaes- 
thesia and blood transfusion. The Signs of 
Anaesthesia are given a new slant and even if 
the author of this chapter insists on death as the 
endpoint of anaesthesia, it is refreshing to be con- 
ducted downwards through some new country 
from which a happy ascent to recovery can be 
anticipated. There is the novelty of a chapter on 
the neurophysiology of anaesthesia and the pre- 
diction that this could be “quite a chapter” 
proved to be indeed true. It could not be expected 
that every chapter would be of equal strength 
though the standard is exceedingly high. Never- 
theless the excellent chapter on Basal Narcosis 
by means of Rectal Injection might well be fitted 
in with the Principles of Premedication. 

The second volume contains an abundance of 
information on the many techniques of anaesthe- 
sia in their application to all branches of surgery. 
The authors, each of whom again is universally 
accepted as a master of his subject, deal 
thoroughly with the many modern practices of 
anaesthesia, and they indicate clearly where this 
specialty has spread its benefits and specialized 
knowledge into wider medical fields. Particularly 

[continued on page 185 
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OBSERVATIONS IN THE IMMEDIATE POSTANAESTHESIA PERIOD 
II. MODE OF RECOVERY 
BY 


ANDRE SMESSAERT,* CLATRE A. SCHEHR AND JOSEPH F. ARTUSIO, JR. 
Department of Anesthesiology, The New York Hospital, and Department 


THE events taking place as a patient emerges 
from anaesthesia are not well understood and 
several theories have been advanced to explain 
the phenomena that occur during this period. 
However, their exact cause will probably not be 
found as long as the basic mechanisms of anaes- 
thesia are not entirely clear. 

A small number of clinical facts are, neverthe- 
less, well established; an example is the well- 
known inordinate behaviour of alcoholics during 
emergence. But a number of very basic facts need 
clarification. Does the age, sex or constitution 
of a patient have any definite influence on 
emergence from anaesthesia? What are the 
effects of the anaesthetic agent, the duration of 
procedure and the site of operation on emer- 
gence? This report of our observations in the 
immediate postanaesthesia period is related to 
these questions. These observations will help us 
to gain more knowledge of the problem and may 
enable us to make progress toward more rational 
and effective methods of treating and preventing 
postanaesthetic delirium. 


PROCEDURE 
Special study sheets composed of two parts were 
filled out in conjunction with the anaesthetic 
record of each patient. The first section was com- 
pleted by the person administering the anaesthe- 
tic. For classification of the structural type, the 
following criteria of body structure based on 
Kretchmer’s (1926) work were used: narrow, 
slender (leptosome); rounded, chubby (pyknic); 
muscular, well developed (athletic); and with 
grossly abnormal proportions or deviations 
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(dysplastic). These records then accompanied the 
patient to the recovery room where they were 
completed by the recovery room personnel under 
the supervision of an anaesthetist. The recovery 
room staff had no precise knowledge of the 
objects of this study so that observations may be 
presumed to be unbiased. 

The completed data sheets were coded and the 
results reported on I.B.M. cards. These cards were 
used later for tabulation, correlation, and analysis. 
Complete observations and data were obtained 
on 1,450 patients of all ages of whom 651 were 
male and 799 were female. Four age groups were 
used in this study: group 1, ages 10-17, com- 
prised 64 patients; group 2, ages 18-49 years, 
comprised 624 patients; group 3, ages 50-65 
years, comprised 482 patients; and group 4, ages 
over 65 years, comprised 208 patients. 

The expression “mode of recovery” will be 
used to define reactions and behaviour while 
consciousness is being regained during the period 
following cessation of anaesthesia and surgery. 
The patients were rated as to their mode of 
recovery in one of three groups. Mode 1 com- 
prised those patients who made a tranquil and 
uneventful recovery; mode 2 comprised those 
patients who showed a moderate degree of rest- 
lessness, and mode 3 those who were markedly 
delirious and unco-operative, requiring special 
care and restraint. Ninety-seven per cent of the 
patients were given premedication with barbitu- 
rates and belladonna preparations using usually 
amylobarbitone (Amytal) sodium and atropine. 
Only 3 per cent received an opiate in lieu of, or in 
conjunction with, the barbiturate and belladonna. 
Four anaesthetic agents were used: a combina- 
tion of thiopentone and nitrous oxide; ether; 
cyclopropane; and cyclopropane with ether. 
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RESULTS 


There was no significant relationship (0.5> 
P>.03) between the mode of recovery and the 
sex of the patients (table I). There was no 
significant relationship (P>0.5) between mode of 
recovery and age; there was, however, a tendency 
towards more agitated recovery in the teenage 
group (table II). 

The body type (table III) did not influence 
the recovery (P is approximately 90 per cent). 

There was a significant relationship (P<.01) 
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between the mode of recovery and the anaes- 
thetic agent (table IV). 

The site of operation was of significant im- 
portance (P<.01) as to mode of recovery 
(table V). 

The duration of the procedures (table VI) 
appeared to be of significant influence (P<.01). 

The incidence of vomiting was 21 per cent 
among patients with mode of recovery 1; it was 
30 per cent in mode of recovery 2; and 37.5 per 
cent in mode of recovery 3. 


Taste | 
Mode of recovery—general results and distribution in relation to sex. 
Mode of recovery Total Male Female 
l 1112 (76.6%)  483(74.2%) 629 (78.7%) 
2 298 (20.6°,) 144 (22.1%) 154 (19.3%) 
3 40 ( 2.8%) 24 ( 3.7%) 16 ( 2.0%) 
Total 1450 651 799 
Taste Il 
Mode of recovery in relation to age groups. 
Mode of Age group 2 Age group3 Age group4 Age group 
recovery Iltol7 yrs. I8to49 yrs. SOto 6S yrs. over 65 yrs. 
45 (70%) 483 (77.5%)  370(76.7%) 214(76%) 
2 14 (22°) 124 (19.8%) 101 (21%) 59 (21.4%) 
3 5( 8%) 17 (2.7%) 11 (2.3%) 7 ( 2.6%) 
Total 64 624 482 280 
Taste Ill 
Mode of recovery in relation to structural type. 
Mode of recovery Leptosome Athletic Pyknic 
1 392 (76.2%)  383(77.7%)  307(77.4%) 
2 110 (21.3%) 95 (19.3%) 78 (19.6%) 
3 13 ( 2.5%) 15 3%) 11 ( 3%) 
Taare IV 
Mode of recovery in relation to anaesthetic agents. 
Mode of Thiopentone Cyclopropane 
recovery nitrous oxide Ether Cyclopropane —ether 
Total 235 (87%) 236 (80°) 427 (73.6%) 206 (70°) 
l Male 140 (84.3%)  114(76%) 144 (71%) 83 (62%) 
Female 95 (90°) 122 (83%) 283 (74%) 123 (76%) 
Total 34 (12%) 54 (18%) 129 (22.3%) 81 (27.5%) 
2 Male 23 (13.7%) 34 (22.6%) 41 (22%) 46 (34%) 
Female 11 (10%) 20 (13.6%) 88 (24°) 35 (22%) 
Total 3( 1%) ( 2%) 24 ( 4.1%) 8( 2.5%) 
3 Male 3( 2%) 2( 1.4%) 14( 7%) §( 4%) 
Female 0 3( 3.4%) 10 ( 2%) 3( 2%) 
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TasLe V 
Mode of recovery in relation to operative site. 


Site of Mode of recovery 
operation 2 3 
Head and neck 106 (78%) 28 (20%) 3( 2% 
Thoracic 29 (67%) 9(21%) $ (12%) 
Intra-abdom 
(gyn. except) 241 (68.8%) 99 (28.2%) 11¢ 3%) 
| Gynaecol. 152 (80.5%) 30 (16%) 7( 3.5%) 
‘i Urine tract 206 (80°) 48 (18%) $( 2%) 
Extremities, 
periphery 164 (82%) 36 (17%) 2¢ 


Taste VI 


Mode +¥f recovery in relation to duration of procedure. 
Duration of Mode of recovery 
procedure 2 3 
To hour 383 (86.5%) $2 (12.6%) 3 (0.5%) 
To 2 hours 351 (73.2%) 114(23.8%) 14 (3%) 
To 3 hours 212 (73.8%) 64 (22.2%) 11 (4%) 
To 4 hours 124 (72.1%) 42 (24.4%) 6 (3.5%) 
Over 4 hours 72 (69.3%) 26 (25%) 6 (5.7%) 


DISCUSSION 


The many causative factors of postanaesthetic 
delirium may be divided into two main groups. 
The first contains those related to the anaesthetic 
and surgical procedures. The second is composed 
of those inherent in the individuality of the 
patient, such as sex, age, body constitution, and 
mental attitude. There is little doubt that the 
anaesthetic agent is of major importance in the 
mode of recovery, as the results indicated that 
cyclopropane caused the most violent reactions, 
followed in decreasing order by ether and by bar- 
biturates. 

Guedel in 1940 observed that “emergence 
delirium is greater and more active with cyclo- 
propane than with any other anaesthetic agent”. 
He postulated that this agent in sub-anaesthetic 
concentration stimulates the central nervous 
system and that, inasmuch as cyclopropane does 
not depress muscular activity as does ether, a 
more active delirium is to be expected upon 
emergence from anaesthesia. 

We cannot accept Guedel’s central nervous 
system stimulation theory but rather believe that 
the difference between the agents is caused mainly 
by a slower elimination of barbiturates and 
ether as compared with cyclopropane, Barbitu- 


rates and ether in subanaesthetic concentrations 
appear to have the ability to modify the patient’s 
reaction to emergence. The Guedel theory con- 
cerning muscular depression is not borne out by 
the fact that thiopentone has minimal muscular 
relaxant effect and yet is followed by the quietest 
mode of recovery. 

Observations related to the duration of the 
procedure seem to indicate that this is an impor- 
tant factor in postanaesthetic recovery. Indeed, 
while over 86 per cent of the group of patients 
lasting 1 hour or less were followed by uneventful 
recoveries, only 69 per cent of the group of cases 
lasting over 4 hours had equally favourable 
results, This difference can be partly explained 
by the fact that thiopentone-nitrous oxide anaes- 
thesia was used in 33 per cent of the cases in the 
first group, but only in 1 per cent of those in 
the second group. Furthermore, surgery in the 
first group was mostly limited to peripheral 
operations whereas the longer cases were mostly 
intra-abdominal and intrathoracic procedures 
which are types of surgery followed by the highest 
incidence of violent reactions. In view of these 
considerations it appears justified to conclude that 
the duration of a procedure is by itself of no 
appreciable influence on the mode of recovery. 
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The operative site appears to have a signifi- 
cant influence on the mode of recovery. Peripheral 
surgery was followed by a relatively low incidence 
of delirium, whilst the highest incidence occurred 
after intrathoracic and intra-abdominal surgery. 
There can be little doubt that painful afferent 
stimuli are far more pronounced in the latter 
types of operations, as the abdominal and 
thoracic walls are continuously in motion and 
may cause the operative wound to be quite 
painful. 

The second group of factors conditioning the 
mode of recovery contains those related to the 
individuality of the patient. The influence of sex 
appears to be minimal, although females pre- 
dominate slightly in mode of recovery 1 and males 
in modes of recovery 2 and 3. 

Age seems to have no significant influence in 
the mode of recovery. Distribution was quite even 
among adults but there was a definite tendency 
towards more agitated recovery in the teenage 
group. 

There appears to be no relation between 
structural type and postanaesthetic mode of 
recovery. There was no difference in this respect 
between leptosome, athletic, and pyknic indi- 
viduals. Of course delirium can be more 
impressive and more difficult to manage in 
athletic patients than in asthenic ones, but there 
is no relation as to the frequency of occurrence. 

On the contrary, psychological characteristics 
appear to be of much importance, Most indi- 
viduals are able to function within the limits of 
their capabilities and personality liabilities by 
developing satisfactory automatic psycho- 
logical defences which allow them to perform 
in an integrated manner and to lead well-adjusted 
lives. However, there are situations which may 
result in aberrant behaviour and thinking. These 
circumstances can be placed into two categories. 
There can be a weakening of the controls by the 
action of some agent or by hypoxia resulting in 
subdued personality defence mechanisms. There 
can be an unusual and overwhelming stress, as 
all individuals, to a greater or lesser degree, may 
develop disabling emotional disturbances given 
appropriate stress. Such situations could be 
present on emergence from surgical anaesthesia. 
The cerebral cortex may still be depressed to a 
degree where perception of painful stimuli is 
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regained but where self control is not yet re- 
established. It is our belief that other factors being 
equal, emergence from surgical anaesthesia is 
primarily conditioned by the patient’s person- 
ality structure. Pain by itself does not appear 
to be the essential factor causing any specific 
degree of delirium. It seems, rather, to be the 
reaction to pain and to stress in a type of sub- 
merged personality characteristic kept in check 
under normal circumstances. 

The preceding considerations should be taken 
into account in the treatment of postanaesthetic 
emergence delirium. Much can be achieved prior 
to anaesthesia if the anaesthetist reassures appre- 
hensive patients during the pre-operative inter- 
view. Cautious discussion and explanation of the 
procedure will do much to dispel doubts, fears, 
and anxieties, and will give the patient some 
measure of confidence and courage. This state of 
mind will be helpful during the postanaesthetic 
phase. 

In spite of this reassurance, apprehensive sub- 
jects may show anxiety while in the process of 
regaining consciousness. The person in charge of 
the emergent patient should talk to him, orientate 
him as to time and place, and reassure him until 
he has regained full control of his faculties. In 
situations where a known disturbance exists, 
such as alcoholism or established neurotic 
behaviour, drugs in the general class of tranquil- 
lizers may be indicated. The usual precautions 
should be exercised to avoid or minimize pos- 
sible side effects of these particular compounds. 
Apomorphine in appropriate doses is still very 
useful when there is a contra-indication to medi- 
cation of the phenothiazine type. Of course, 
whenever pain is present in any appreciable 
degree, it should be tempered by opiates or 
equivalent drugs. When the usual medications 
are of no avail against postanaesthetic delirium 
of alcoholics, intravenous administration of 500 
ml 5 per cent dextrose in water containing 5 
per cent ethyl alcohol may be of benefit. 

The welfare of the patient during the imme- 
diate postanaesthetic phase is the responsibility 
of the anaesthetist. Appreciable harm can be 
done at this particular time by the use of 
inappropriate medications. On the other hand, 
very much good can be achieved by judicious and 


specific therapy. 
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SUMMARY 

(1) A series of 1,450 patients above the age 
of 10 years was observed while recovering from 
surgical anaesthesia. Of these 76 per cent had a 
quiet recovery, 20 per cent had a moderately 
agitated recovery, and 3 per cent had marked 
delirium. 

(2) The anaesthetic agent appears to be a sig- 
nificant factor; thiopentone-nitrous oxide being 
associated with the quietest recovery phase 
among the anaesthetic techniques studied. 

(3) The operative site appears to be important; 
intrathoracic and intra-abdominal surgery is 
followed by the highest incidence of postanaes- 
thetic delirium. 
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(4) The structural type and sex of the patient 
had little influence on the mode of recovery. 
Teenagers acted more violently than patients 
of older age groups. 

(5) The psychological characteristics of the 
individual are the most important single factor in 
postanaesthetic mode of recovery. 
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BOOK REVIEW continued from page 180 


to be mentioned in this connection is the excel- 
lent account of the role of the anaesthetist in cases 
of Respiratory Insufficiency, and the chapter on 
Methods of Measurement in Anaesthesia is 2 
stimulation to all enquiring minds. As in the other 
volume, it is inevitable that even among so much 
excellence, some chapters are less outstanding 
than others. The value of the contribution on 
Types of Congenital Heart Disease and their 
investigations would be enhanced if the Notes 
on Anaesthesia were enlarged for the information 
and interest of those less frequently in contact 
with this work. 

The editors have wisely allowed their contri- 
butors to speak for themselves while preserving 
an all-over standard of accepted practice, and 
no legitimate issue can be taken with the views 
expressed. In so large a contribution to the liter- 
ature of anaesthesia as this, a few small errors 
must creep in (even in spelling) and doubtless 
they will be frequently brought to the notice of 
the editors. It is unlikely that the remark on page 
401 suggesting that 2.5 mg of atropine is a small 
dose could meet with much approval. 

These volumes constitute an outstanding con- 
tribution to anaesthetic literature and no anaes- 


thetist aspiring to a knowledge of the subject in 
its widest aspects dare refrain from studying 
them. That the editors and authors realize that 
all has not been said even in this monumental 
text is clearly expressed in the many valuable and 
pertinent references included at the end of cach 
chapter. The book provides a wealth of informa- 
tion for those reading for higher qualifications, 
first on its own account and second for its guid- 
ance to invaluable references. 

The book is produced in the handsome manner 
which has been previously associated with editions 
of Modern Practice in Anaesthesia (for the pro- 
duction of which one of the editors has long been 
responsible). The illustrations and diagrams are 
well reproduced and a reasonable index concludes 
each volume. The binding and appearance are 
both impressive and attractive, in happy contrast 
to the dust-covers which amply confirm the view 
expressed in one chapter (and already commented 
upon) that anaesthesia is a movement towards the 
grave. The editors can be congratulated and 
warmly thanked for their industry and foresight 
in producing this book which will be a testimony 
to the eminence of British Anaesthesia. 

H. H. Pinkerton 
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MEPROBAMATE IN TETANUS 


BY 


Davip Zuck 
Chase Farm Hospital, Enfield, and the Enfield Group of Hospitals, England 


Tue value of oral meprobamate (syn. Equanil, 
Miltown, Mepavion) has been for some months 
investigated in this hospital group, as a compo- 
nent of the premedication for children. An inter- 
esting publication has appeared recently on the 
use of this drug in tetanus (Perlstein, 1959). 


CASE HISTORY 


The patient was a boy aged two years. Three weeks 
before admission to hospital he had severe pharyn- 
gitis and tonsillitis accompanied by trismus. This was 
treated successfully by injections of penicillin. Eleven 
days before admission he stuffed some paper into 
his right nostril and six days before admission he fell 
indoors but no injury was noticed. The following day 
he had a swelling under his right eye and was generally 
unwell. Two days later there was thick yellowish- 
green pus discharging from the right nostril, he had 
difficulty in swallowing and would not eat. The fol- 
lowing day he could or would not open his mouth, 
and he was taken to the family doctor, who diagnosed 
a recurrence of the pharyngitis and prescribed a 
nasal spray. That night the child had a series of 
“fits”, apparently provoked by attempts to swallow 
saliva, and the following night, whic receded his 
admission to hospital, he is described as having “fits” 
every five to fifteen minutes throughout the night, 
lasting about three minutes each, during which he 
coughed, choked, and became rigid. 

On admission he was conscious, alert, with good 
colour and not obviously anaemic. There was slight 
swelling under the right eye, and small lymph nodes 
were palpable in the neck but not elsewhere. There 
was marked trismus, the sterno-mastoids were very 
tense, and the back was rigid so that he could be 
raised almost to the vertical position by lifting his 
head. Kernig’s sign was negative. Tone was normal 
in the legs, but it was difficult to assess in the 
arms as he resisted attempts to estimate it. There 
were no abnormal! findings in the cardiovascular and 
respiratory systems. His temperature was 100°F, 
pulse rate 120/minute, and respiration rate 38 /minute. 
He had been immunized against diphtheria, whooping 
cough, and poliomyelitis, and had been vaccinated. 
He had not received tetanus toxoid, nor A.T.S. There 
was no history of convulsions. 

Tetanus was diagnosed, and after an intramuscular 
injection of 4 ml paraldehyde the child fell into a 
deep sleep. An intravenous infusion of normal saline 
was set up and, after a subcutaneous test dose, 
100,000 units of A.T.S. were given intravenously. 
Penicillin, 500,000 units intramuscularly twelve- 
hourly was also prescribed, and he was nursed in 
a quiet, darkened room. He slept all night, having 
received additional 3 ml of paraldehyde intramuscu- 
larly. 


Ist day after admission. 

In the morning his breathing was rather laboured 
and mucus collected in his throat. Later he managed 
to swallow this and his breathing improved. He was 
given paraldehyde 1.5 ml intravenously twice during 
the morning to control spasms. It was decided to 
try to obtain an injectable preparation of mepro- 
bamate meanwhile and to continue with the existing 
regime. He was having moderate extensor spasms of 
trunk, arms, and legs, whenever he was disturbed, 
and intravenous promethazine 20 mg, and mephene- 
sin 300 mg, produced no significant effect during an 
attempt to secure greater control of the spasms to 
enable a lumbar puncture to be performed. In fact 
promethazine seemed to increase the frequency and 
severity of the spasms. The c.s.f. showed raised 
protein at 55 mg/100 mj and 8 lymphocytes/c.mm. 


2nd day. 

The child’s condition continued to be controlled by 
paraldehyde and the spasms were less frequent than 
the day before. He remained awake nearly all morn- 
ing and talked with difficulty to his parents. His 
neck and back were stil] board-like and he reacted 
to stimuli, mainly tactile, with extensor spasms. The 
risus sardonicus was very marked. He intensely dis- 
liked having his bedclothes changed and he was 
unable to take anything by mouth. An attempt to 
give him water by spoon was abandoned after much 
coughing and spluttering. During the day he was 
given 1.5 litres of 5 per cent dextrose with 1.5 g. 
sodium chloride and 0.5 g. potassium chloride, and 
0.5 litre of “Aminosol” by intravenous drip, and three 
doses of 3 ml paraldehyde. A further 500,000 units 
of A.T.S. were also given intravenously. 


3rd day. 

He was reasonably well controlled by paraldehyde 
during the night and in the morning there was no 
clinical difference from the previous day. The mepro- 
bamate solution was received early in the morning, 
and an intramuscular injection of 1 ml (80 mg) was 
given at 9.50 a.m. After half an hour there was slight 
lessening of muscle rigidity and the dose was repeated. 
At about 11 a.m. the child asked for a drink and 
took 2 fi. oz. of water, followed by 2 fl. oz. of milk 
from a spoon without coughing. The ward sister 
reported complete relaxation developing at this time 
and considerable general improvement, especially of 
mood. He talked cheerfully to his parents, and played 
with his toys. By 1 p.m. he was again becoming 
restless and the effect of the meprobamate appeared 
to be wearing off, so it was decided to give 2 ml 
(160 mg) intramuscular 3 hourly during the day, 
and 3 mi paraldehyde at 6 p.m. to promote sleep. He 
continued to drink well during the day, so the intra- 
venous drip was taken down before he settled for 
the night; it was still running well, with no tender- 
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ness along the course of the vein, but there was some 
swelling around the cannula. The skin over the site 
of the intramuscular injections was sprayed with ethyl 
chloride before introducing the needle and he did 
not complain of the injections. 


4th day. 

He slept well, needing 3 ml paraldehyde during the 
night. He was given his first injection of meprobamate 
at 8 a.m. and was well relaxed an hour later. It was 
decided to repeat the injections 2 hourly during this 
day, to maintain relaxation as fully as possible. He 
was drinking very well. 


Sth day. 

The injections were making his muscles rather 
“knobbly”, although he did not complain at any time, 
so the meprobamate was reduced to 4 hourly and 
controlled him quite adequately, In the evening he 
had one spasm lasting about a minute, accompanied 
by cyanosis which passed off spontaneously. He was 
taking thicker milk food now, with vitamin supple- 
ments. 


6th and 7th days. 

Meprobamate was continued as previously, but 
paraldehyde was replaced by chloral 5 grains (300 
mg) at 6 p.m. on the 7th day. He slept well. 


8th day. 

He received no drugs at all. Muscle tone was rather 
increased, with occasional slight twitches but no real 
spasms, Nembutal elixir was given at night, and he 
slept well. 


9th day. 
He received no drugs all day, and sat up in bed and 


played. 


10th day. 
He ate soft foods and required no sedation. The 
jaws were stil] a little stiff. He was moved into the 


general 


llth day. 
He stood up and walked with support. He was 
eating and drinking very well. 


12th day. 

He was walking by himself, but stiffly, and if he 
lost his balance he could not regain it and prevent 
himself from falling. He was eating a normal diet 
for his age, but had become rather spoilt and dis- 
liked being in the ward with other children. Although 
he was still rather stiff, his parents were anxious to 
have him home, so he was discharged the following 
day. He had lost only 1 Ib. in weight while in hospital. 

Subsequent progress was reported by the parents. 
He continued to fall over on losing his balance for 
the next four or five days and his back remained stiff 
for three weeks or so. He ate and swallowed well, 
but tried to avoid chewing for about a fortnight 
and he was unable to yawn comfortably for three 
weeks. When seen at the outpatient clinic six weeks 
after discharge he was fit and well and all the intra- 
muscular “knobs” had been absorbed. 

He and the rest of the family are now being 
immunized against tetanus. 
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DISCUSSION 


Current methods of treatment are purely 
symptomatic, and aim at keeping the patient alive 
“until the disease process has worn itself out” 
(Ablett, 1956). The drugs used to control the 
muscular spasms fall into three groups: the older 
hypnotics, especially paraldehyde; the newer 
phenothiazine derivatives; and the neuromuscular 
blocking agents. These last are used to convert 
the tetanus patient into a “polio-equivalent”, who 
is then managed by tracheostomy and intermittent 
positive pressure respiration.* 

The disadvantages of these methods is that the 
patient is placed under certain disabilities with 
each. Ideally, and accepting that tetanus is a self- 
limiting disease confined to the central nervous 
system (a view not now universally accepted), 
symptomatic treatment should aim at controlling 
muscle spasms and restoring normal muscle tone 
without undesirable side effects. Perlstein (1959) 
reported on some forty patients treated with 
meprobamate. Although the results were compli- 
cated by the fact that some of his patients were 
drug addicts there was a significant decrease in 
the mortality of the non-addicted. 

The case reported here was of moderate 
severity only and it is not pretended that the 
administration of meprobamate prevented the 
child from dying of tetanus. It is felt, however, 
that the drug, by allowing him to be fed normally 
and by making his management generally easier, 
did remove the possibility of his dying from the 
treatment that he might otherwise have re- 
ceived. Meprobamate does not appear to affect 
the autonomic nervous system and herein lies 
its great advantage over the phenothiazine com- 
pounds. The heart rate, respiration and tempera- 
ture regulation are not affected by meprobamate. 
The drug is almost insoluble in water and is 
dissolved in a solution containing polyethylene 
glycol, which accounts for the knobbliness of the 
muscles. 


*This treatment has a longer history than may be 
thought. The use of curare in tetanus was first sug- 
gested by Sewell, head of the London Veterinary Col- 
lege, and a friend of Charles Waterton, before the 
latter’s South American expedition of 1812 (Aldington, 
1949). The first recorded use of the drug appears to 
have been in Turin in 1859, when a patient was sucess- 
fuily treated by local application with absorption from 
the site of injury (Stetson, 1959). 
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It is possible to provide a rationale for the use 
of meprobamate in tetanus. It has recently been 
shown that tetanus toxin resembles strychnine in 
that it selectively suppresses inhibitory action, 
while leaving synaptic excitatory action unaffected 
(Brooks, Curtis and Eccles, 1955, 1957). Davies 
and her colleagues (1954) have shown that tetanus 
toxin has little or no effect upon monosynaptic 
proprioceptive impulses and that it appears to 
depress inhibitory action on the interneurones of 
polysynaptic pathways. This finding was con- 
firmed by Brooks and his colleagues (1955). The 
toxin appears to exert its effect near the synaptic 
junctions of the inhibitory pathway and the motor 
neurones, thus depriving the latter of the 
inhibitory influences that are necessary for the 
normal co-ordination of spinal reflexes (Wright, 
1959). 

Meprobamate has been shown to have a marked 
inhibitory action at the interneurones of poly- 
synaptic pathways (Berger, 1956). It was found 
to be more effective in reducing muscle spasm 
than in lowering normal proprioceptive muscle 
tension and in small doses it relieved spasm 
experimentally produced by tetanus toxin or 
strychnine (Berger, 1954). However, this effect 
was not connected with the site of action of the 
drug at the time. There is also a selective depres- 
sion of the thalamus which, as will be shown, 
may be of significance in the management of 
tetanus. 

Auditory and visual stimuli, originating, 
travelling, and being assessed for “significance” 
(Walter, 1954, 1958) above spinal cord levels, 
with resulting inhibition or facilitation, do not 
normally produce muscle spasms. That these 
sensory stimuli may produce spasms in tetanus 
appears to indicate that the inhibitory mechan- 
isms concerned with these senses also are to some 
extent affected by the toxin. If this is so, the toxin 
presumably travels through the medulla to reach 
the higher levels of the reticular formation and 
beyond without causing death. If the toxin is 
acting at and around the level of the midbrain, 
the value of the phenothiazine drugs, as of 
meprobamate, becomes obvious. In particular, 
chlorpromazine has been found experimentally 
to block arousal to auditory stimuli (Schneider, 
1958). 
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Discussion of possible mechamsms involved. 
Brooks and his colleagues (1955) have sug- 
gested the following two explanations of the mode 
of action of tetanus toxin. It is proposed that, 
like strychnine, it becomes attached to the sub- 
synaptic inhibitory areas on the motoneuronal 
membrane, thus preventing the action there of 
the inhibitory transmitter, or alternatively it may 
be that, like botulinus toxin, it prevents the 
release of the inhibitory transmitter substance. 
In the light of these suggestions it seems 
desirable to look again at the natural course of the 
disease and to examine such terms so commonly 
found in this association as “until the disease 
process has worn itself out” or “burnt itself out”. 
In regard to the first suggestion, it may be 
wondered whether the toxin is gradually displaced 
from these subsynaptic inhibitory areas, or 
whether fresh receptor substance has gradually 
to be synthetized to replace that which is irrever- 
sibly blocked; and whether some means could 
be found of accelerating these processes. On the 
second, an analogy may be drawn with the block- 
ing of an enzyme system by the “irreversible” 
anticholinesterases, characterized by diisopropyl 
fluorophosphate (DFP) where recovery, if it occurs 
at all, takes some weeks during which the enzymes 
are regenerated. These changes became rapidly re- 
versible by pyridine-aldoxime-methiodide (PAM) 
when the chemical action of D.F.P. was under- 
stood and an antidote could be sought (Nach- 
mansohn, 1959). Possibly in tetanus too there is 
the inactivation of an enzyme system and that 
which involves pyridoxal in the decarboxylation 
of glutamic acid to the neural inhibitory sub- 
stance y-amino butyric acid (G.A.B.A.) (Elliott 
and Jasper, 1959) seems worthy of investigation 
from this point of view. Convulsions have been 
reported associated with pyridoxine (vitamin B6) 
deficiency in infants and this condition has been 
reproduced experimentally in animals. Glutamic 
acid decarboxylase activity is decreased by pyri- 
doxine deficiency and the brain level of G.A.B.A. 
is reduced; when the brain level falls to 50 per 
cent to 30 per cent of normal, convulsions occur. 
There is also evidence that convulsions 
following inhibition of the synthesis of G.A.B.A. 
do not occur spontaneously but are triggered by 
normal impulses that otherwise do not produce 
this effect (Killam, 1958). Unfortunately 
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MEPROBAMATE IN TETANUS 


G.A.B.A. is ineffective when given intravenously, 
but a derivative able to cross the blood-brain 
barrier might be of value in tetanus. It would 
also be interesting to assess the effect of pyri- 
doxine and related compounds. Unfortunately 
or otherwise, by the time this train of thought 
was sparked off its clinical destination had already 
been quenched, but in the light of present know- 
ledge the fact that meprobamate and the pheno- 
thiazine drugs continue to act in tetanus seems 
in favour of Brooks’s second suggestion. 


SUMMARY 


The course is described of moderate tetanus in 
a child of two. He was treated with A.T.S. and 
penicillin, and sedated initially with paraldehyde. 
He was unable to swallow, so an intravenous in- 
fusion was necessary at first. A preparation of 
meprobamate suitable for intramuscular injection 
was obtained, and this was successful in reducing 
spasm, enabling the child to remain conscious 
all day, and to be fed by mouth. 

Present knowledge of the mode of action of 
tetanus toxin is reviewed, and the rationale for 
the use of meprobamate and the phenothiazine 
drugs is indicated. 

The possible role of the inhibitory substance 
y-amino butyric acid in tetanus is discussed. 


I am indebted to Dr. W. Cromie and Mr. R. L. 
Stephens of Messrs. Toh Wyeth Ltd. for their speedy 
response to my request for the specially prepared 
solution, and to my colleague Dr. C. A. Birch and 
the medical and nursing members of his unit, to which 
the child was admitted 
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ATROPINE IN THE TREATMENT OF LARYNGEAL SPASM 


BY 


M. Rosen 
Department of Anaesthetics, Welsh National School of Medicine, Cardiff 


SEVERE laryngeal spasm, though not now such 
a common condition as it was in the days before 
the relaxant drugs were introduced, still does 
occur and may at times be an alarming emergency. 
No successful treatment should be neglected, nor 
should valuable time be wasted employing doubt- 
ful therapy. Atropine as a prophylactic is of some 
value, for, by drying salivary secretions, stimula- 
tion of the laryngeal reflex is reduced. However, 
atropine as a form of treatment needs re-examina- 
tion. 

Some authorities (Burstein, 1949; Lee, 1953; 
Goodman and Gilman, 1956) have recommended 
the use of atropine and similar anticholinergic 
drugs as treatment for laryngeal spasm. The 
assumption of those advocating it has been that, 
because atropine blocks the vagus, it blocks all 
structures supplied by the nerve—both visceral 
and somatic. Evidence, both experimental and 
clinical, has been advanced in support of the claim 
that atropine relieves laryngeal spasm. In this 
paper, this evidence is re-examined and doubt 
cast on its validity. 


ANATOMY 


Laryngeal spasm is a sustained contraction of 
certain laryngeal muscles. The nerves supplying 
these muscles are the laryngeal branches of the 
vagi. 

Each vagus has two sources for its efferent 
fibres. These arise from separate centres in the 
pons and medulla known as the nucleus ambiguus 
and the dorsal nucleus. 

The nucleus ambiguus lies in line with motor 
nuclei of the trigeminal and facial nerves, and 
fibres from these nuclei supply the muscles of the 
branchial arches. They possess the characteristics 
of, and are analogous to, somatic motor cells and 
fibres (Ranson and Clarke, 1953). The nucleus 
ambiguus supplies the striped muscles of the 
pharynx and larynx through the glossopharyngeal, 
spinal accessory and the vagus nerves. 


The dorsal nucleus, on the other hand, is 
quite separate from the nucleus ambiguus, and 
from it arise the efferent autonomic, or para- 
sympathetic, fibres of the vagus. 


PHARMACOLOGY 


The transmitter substance, acetylcholine, is pro- 
duced at many sites in the nervous system and its 
action may be mimicked experimentally by injec- 
tions of muscarine and nicotine (Goodman and 
Gilman, 1956). The differing results of the ad- 
ministration of these substances form the basis 
of a division of the main actions of acetylcholine 
into two groups. 

The muscarinic actions of acetylcholine are 
mainly the same as those caused by stimulation 
of the postganglionic fibres of the parasympathetic 
division of the autonomic nervous system. This 
includes, as already mentioned, those fibres of the 
vagus nerve arising from the dorsal nucleus. 
These muscarinic effects include slowing of the 
heart, activity of the salivary and other exocrine 
glands and stimulation of smooth muscle. 

The nicotinic effects are those of stimulation 
of autonomic ganglia, both sympathetic and para- 
sympathetic, and the striated voluntary muscle. 

Atropine blocks only the muscarinic responses 
to acetylcholine and has little or no effect on the 
nicotinic actions. So atropine blocks the action of 
acetylcholine at the myoneural junction of smooth 
muscle but not at the myoneural junction of 
striated muscle, where acetylcholine exerts a 
nicotinic effect. Clearly, on these considerations, 
atropine should not prevent contraction of the 
muscles of the larynx, as these are striped muscle. 


EXPERIMENTAL EVIDENCE 
Animal research (Burstein and Rovenstine, 1938) 
has provided the basis for belief that atropine 
is of value in relieving laryngeal spasm. In these 
experiments cats were chosen, as they were par- 
ticularly likely to develop laryngeal spasm and 
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ATROPINE IN THE TREATMENT OF LARYNGEAL SPASM 


coughing after barbiturates. Sodium isoamy! ethyl 
thiobarbiturate (55-75 mg/kg) was injected intra- 
venously, and, after adduction of the vocal cords 
was observed directly—sometimes for several 
minutes—atropine sulphate (3-6 mg/kg; 1/60- 
1/30 grain/lb.) was injected intravenously. Within 
a few minutes spasm relaxed and coughing ceased. 
The dosage of atropine sulphate used was 
enormous even for cats, and in humans would be 
considered poisonous. So that the effects observed 
could not be considered to be those likely to 
follow therapeutic doses. 

Recent investigations (Himwich and Rinaldi, 
1957) have shown that, in these doses, atropine 
causes a sleep pattern in the e.e.g. There is strong 
evidence that this effect is produced by a selective 
action on the reticular formation. This central 
depression might explain the findings of Burstein 
and Rovenstine. 


CLINICAL EVIDENCE 
Although the drying effects of atropine may cause 
alteration of the voice, paralysis of the vocal 
cords has not been noted as a symptom of atro- 
pine poisoning. In fact not until the whole of the 


vagus is blocked, as under local anaesthesia 
(Mushin, 1945) does laryngeal paralysis, as well 
as interruption of the parasympathetic fibres, 
occur. 

These easily verifiable clinical observations pro- 
vide demonstrations of the dual origins of the 
vagal efferent fibres, and illustrate the distinction 
between the blocking effects of atropine and of 
a local anaesthetic block of the vagal nerves. 


SUMMARY 


The vagal efferent fibres arise from two distinct 
sources. The autonomic and somatic parts are 
merely contiguous during the cervical course of 
the nerve. 
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There is no evidence that the laryngeal muscles 
and their nerve supply are in any way structurally 
different from the striped muscles and their nerves 
elsewhere in the body. Atropine blocks impulses 
at postganglionic cholinergic nerve endings, and 
not at the myoneural junction of striped muscle 
of which the laryngeal muscles are an example. 
It should not be expected to, and in clinical 
doses in our experience does not, relieve laryngeal 


spasm. 

Experimental evidence in favour of the use of 
atropine, therefore, must be reconsidered. The 
high dosage used seems to make any apparent 
effects on laryngeal spasm more likely to be due 
to central depressant effects. 

It must be concluded that atropine in clinical 
doses is of no value in the treatment of laryngeal 


spasm. 
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REPRINTED ARTICLE 


An investigation of simple methods of disinfec- 
tion of breathing equipment used in anaesthesia 
and for patients with respiratory paralysis was 
carried out at the request of Breathing Machines 
Group, Medical Supplies Working Party, 
Ministry of Health. An anaesthetic face mask and 
pieces of corrugated rubber anaesthetic tubing 
were supplied by Dr. A. B. Kinnier Wilson. 


TESTS WITH BACTERIA 
Penetration of air-borne bacteria through anaes- 
thetic tubing. 

Air-borne clouds of mixed salivary organisms 
were generated in a 300 cu.ft. chamber by simu- 
lated sneezes. Clouds of dried micrococci were 
generated by blowing air through a dry powder 
consisting of micrococci mixed with talc. 

The air from the chamber was examined with 
a slit sampler, (a) directly and (6) after being 
drawn through about 3 feet of the corrugated 
anaesthetic tubing. About 50 per cent of both 
bacterial clouds were retained in the tubing and 
50 per cent penetrated its full length. 


Survival of bacteria on surface of tubing. 
Overnight broth cultures of a representative 
number of bacterial species (Staphylococcus 
aureus, Streptococcus pyogenes, Corynebacterium 
diphtheriae, and Escherichia coli) were deposited 
in 0.02 ml volumes on the surface of the tubing 
which was then allowed to dry. When the 
organisms were kept moist and in the dark, few 
of them died in periods up to 7 hours. When 
exposed to light, and especially when allowed to 
dry, the organisms died fairly rapidly, but a 
proportion survived the drying process, and 


* Reprinted by kind permission from the Monthly 
Bulletin of the Ministry of Health and the Public 
Health Laboratory Service, 1959, 18, 183. 
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experience from other fields suggests that such 
survivors may remain viable for long periods. The 
rubber did not appear to have any special bac- 
tericidal effect. 


Destruction of bacteria in tubing. 

When the infected tube or face mask was 
washed for 2 minutes in running tap water at 
60°C it was found impossible to recover living 
bacteria from its surface. That this was not due 
to removal is suggested by the fact that the wash- 
ing had little effect on the count when heat- 
resistant spores were used. 


TESTS WITH VIRUS 


As the problem of cross-infection with contam- 
inated breathing equipment was raised in con- 
nection with poliomyelitis patients a Coxsackie 
virus (Bl), which has similar physical properties 
to polioviruses, was used as the test organism. 


Survival of virus on surface of face mask and 
tubing. 

The virus used was in the form of tissue culture 
fluid so that conditions were not exactly com- 
parable to those with virus coming from the 
nasopharynx, and the titre of virus in some experi- 
ments was higher than that likely to be found in 
nasopharyngeal secretions of saliva. 0.05 to 
0.1 ml of virus suspension was allowed to dry 
on the surface of the rubber at a temperature 
of 22-25°C in daylight; drying took 24 to 3 
hours, The surface of the rubber was then washed 
with an equivalent amount of diluent containing 
penicillin and streptomycin and 10-fold dilutions 
were made from this. These fluids were then 
inoculated into mice less than 24 hours old. It 
was found that there was little or no inactivation 
of virus by the rubber itself during 3 hours. 
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NOTICE TO USERS OF 
MARK 1 (3% maximum) FLUOTECS 


A few instances have occurred where an early Mark 1 Fluotec could 
have delivered an unexpectedly high concentration. 
A modification has been made which prevents this possibility. 
The purpose of this notice is to explain :— 

(1) How the possibility may occur in Mark 1 Fluotecs. 

(2) How the modification prevents this possibility. 

(3) The procedure to be adopted by users of Mark 1 Fluotecs in 

order to have them modified. 

Inspection of the diagrammatic drawing Fig. | will show that the 
concentration delivered depends on the relative opening of the 
thermostat H and the diluting valve G. 
The valve G is attached to a spindle F. This spindle F is screwed 
into the cylindrical block R on which is cut the spiral. Turning the 
dial rotates the spiral and adjusts the amount of opening of the 
diluting valve G. 
The correct opening of the valve G was set in our works by analysis 
of the issuing gases and when this was correct the spindle was locked 
to the block R, by a set screw S, which forms a conical indentation, 
or crater, in the spindle by pressure. 
In the few cases mentioned, this screw has become loose and 
rotated enough to clear the crater. If this happens, the opening of 
the valve G will no longer correspond to the position of the dial M, 
and the concentration delivered may be too high or too low. 
The Mark 2 Fluotec has three set screws of a larger size than in 
Mark 1, and they are additionally locked with shellac, so that even 
if they should loosen, they cannot rotate and so break out of their 
craters. 
Fluotecs now being issued have a modified design of diluting valve 
and the serial number of this type is followed by the letter A. 
In the A modification, this problem has been attacked in two ways. 


(1) The block R is now fixed to the spindle by a stout pin passing 

through both block and spindle. The whole is then soldered. 
(2) In the Mark 1, a rich mixture can be caused if the diluting 
valve comes nearer to the valve seat than its original setting 
position. It follows that if it could be arranged that when the 
valve is touching its seat a sufficient orifice is left to give the 
required maximum percentage, this percentage could not be 
exceeded. This has been done by machining two steps on the 
valve, the depth of which is adjusted at our works to give the 
correct gap for the maximum percentage shown on the dial 
(Fig. 2 and 3). Therefore, when the dial is at maximum, the 
steps of the valve are held on the seat and the gap cannot 
become smaller. On the rotation of the dial to weaker per- 
centages the valve is pushed off its seat by the spiral in the 
usual way. 
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Fortunately, this modification can easily 
Fluotecs and we are anxious to convert al 
design as soon as practicable and at no ct 


The work involved in converting all Mark 
and we think the following plan will cause 


(1) Any Mark 1 Fluotec with the letter . 
has already been converted and neec 


* (2) Any Mark | Fluotec, serial number b 
be returned to us as soon as possibl 


ft (3) If you have any Mark | Fluotecs of | 
200, please fill in their serial numbers 
return it to us. We will then inform 
in for modification. 


t (4) If you have a Fluotec of a higher ser 
wish to continue using it, the followin 
to see that the block R is firmly at 
(Fig. 1). 

(A) Remove any plug fitting from 
with its attached diluting v: 
(Fig. 4). If necessary, the 
removed by taking out the fc 
in Fig 4. 

(B) Rotate the dial to maximum 
pencil mark on the valve op 
channel in the body. 


(C) Place the index finger agains 
applying a little pressure to th 
backwards and forwards a few 

(D) Return the dial to maximum 
of the pencil mark. If the pe 
position, return the Fluotec to 
number. 

(E) With the dial at 1% to 2% i 
millimetre) feeler gauge betwee 
and rotate towards maximum. 


(F) If the feeler gauge is gripped b 
rotated to maximum, return the 
its serial number. 


(G) These simple tests should be 
should arise. While the Fluote 
it will be in order to continue 
undertake to modify it. 


It will assist us very much if you will tie « 
Fluotec, telling us to whom it should be retu 


* (In the United States and Canada Serial Numb 
+ (In the United States and Canada Serial Numb 
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can easily be applied to existing 
convert all Mark | Fluotecs to this 
J at no charge. 

all Mark 1 Fluotecs is considerable 
will cause least delay. 

the letter A after the serial number 
i and need not be sent back. 
‘number between 1 and 200, should 
as possible for modification. 


uotecs of higher serial number than 
1 numbers on the enclosed card and 
1en inform you when to send them 


higher serial number than 200 and Fig. 3. 
1c following tests should be applied 
_ firmly attached to the spindle F. 


‘ting from the outlet. The spindle 
diluting valve can then be seen 
ary, the Fluotec outlet may be 
out the four fixing screws, shown 


maximum and put a scratch or sear vauve 
valve opposite the semi-circular 


ger against the valve and while 

ssure to the valve, rotate the dial 

ards a few times. 

maximum and note the position 
If the pencil mark has changed 

Fluotec to us, whatever its seria! 


VOSS 


Gevoe neee 


, to 2% insert a 0-008 inch (0-2 
ize between the valve and its seat Fig. 4. 

1aximum. 

gripped before the dial has been 

return the Fluotec to us whatever 


hould be repeated if ever doubt 
the Fluotec passes these two tests “YPRANE LIMITED, HAWORTH 


) continue to use it until we can Keighley, Yorkshire, England. 


it. 
will tie or stick a label on the 5006 


ild be returned when modified. Cables : Cyprane, Keighley. 


erial Numbers 1000 — 1050). 
erial Numbers over 1050). 
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DISINFECTION OF ANAESTHETIC FACE MASKS 


Destruction of virus on face mask and rubber 
tubing. 

Similar preparations of dried virus were treated 
by stationary and running water at temperatures 
between 60°C and 100°C for 4 to 2 minutes. A 
similar extraction process was carried out and 
mice were inoculated with the fluids. It was 
found that most of the virus was destroyed by 
washing in tap water at 60°C for 2 minutes. 


SUMMARY AND CONCLUSIONS 


It is clearly desirable that, whenever possible, 
boiling water or autoclave should be used for 
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ilization. is possible to boil the rubber 
bing used in anaesthetic apparatus, and this 
to be the method of choice. Anaesthetic 
ever, suffer from exposure to 

boiling water. It is therefore recommended that 
be placed in a bowl of water (at a 
between 60° and 70°C) for at least 


tes then the inner surface rinsed 


or inactivate all pathogens, but it will reduce 
them to a very small number. 


CORRESPONDENCE 


POSSIBILITY OF HIGH CONCENTRATION OF HALOTHANE FROM A STANDARD VAPORIZER 


Sir,—It is already known to some of your readers 
that early models of the Mark I Fluotec halothane 
vaporizer may develop a fault which can result in 
the delivery of a concentration of vapour con- 
siderably higher than that indicated (Baxter, T. V., 
Brit. ¥. Anaesth., this issue, page 171). 

It is clearly desirable that as many anaesthetists 
as possible should be aware of this, and of what 
is being done to remedy the situation. 

The makers of the vaporizer are most anxious 
to do all they can to modify faulty vaporizers, 
and to warn those who might use them; and 
they have sought the co-operation of this depart- 
ment. 

They are writing to all the owners of Mark I 


Fluotecs whom they can trace, asking for the 
return of the vaporizers for modification. Many of 
the vaporizers in Britain have already been modi- 
fied, and the modification can be effected, and the 
vaporizer returned, in little over a week. 

You would be doing a service to your readers 
by appraising them of the position, and this 
could perhaps be done by drawing their attention 
to the “Notice to Users” which has been pre- 
pared by the makers of the vaporizer.* 


RONALD WOOLMER, 
Department of Anaesthetics, 
Royal College of Surgeons of England 


* See leaflet accompanying this issue—Epttor. 
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ALTHOUGH none of the work done by the 
eighteenth-century scientists forms a direct link 
with anaesthesia, yet knowledge of any kind is 
bound to influence the future. The discovery of 
gases in the second half of the century was not 
only of profound consequence to chemistry, but 
also to medicine and the world. In order to 
understand how the discovery of anaesthesia is 
placed in history, it is necessary to know some- 
thing of the medical and scientific background 
from which it evolved. In this connection the 
work of Priestley, Beddoes and Davy is of para- 
mount importance. 

Pneumatic medicine—the treatment of disease 
by the inhalation of gases—arose out of gas (or 
“pneumatic”) chemistry and foremost in this 
study was the dissenting minister, Joseph 
Priestley (1733-1804). Like so many intellectual 
men of his time, his interests were wide. He 
concerned himself not only with theology and 
philosophy, but also with chemistry and physics, 
and he had his own laboratory. It was through 
his work. on gases that many advances in chemistry 
were made possible, but he himself was hampered 
by being a staunch believer in the Phlogiston 
Theory.* 

He discovered both nitrous oxide and oxygen: 
the first though it supported the flame of a candle 
yet destroyed animal life; but the second not only 
rekindled a glowing taper, but caused it to burn 
with a flame of extraordinary brilliance. Finding 
that mice lived a long time in it, Priestley (Vol. 2, 
p. 102) then had the temerity to breathe this 
gas himself. He fancied that his breast felt 
“peculiarly light and easy for some time aftex- 
wards”, and this experience convinced him of the 


* Phlogiston was a hypothetical substance with a 
negative weight, which was supposed to be the com- 
bustible principle in all chemical bodies and to be 
released on burning. 
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4. PNEUMATIC MEDICINE 
BY 
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“superior goodness of this kind of air” (Vol. 2, 
p. 47). Carbon dioxide (the first gas to be iso- 
lated) had been inhaled as a cure for consumption 
since 1772 and now “dephlogisticated air” 
(oxygen) was found which, it could be argued, 
would be of help in reviving flagging spirits and 
a broken constitution. However, Priestley con- 
sidered that healthy people should take care not 
to breathe too much of it because through its 
strength their lives might be burnt out too fast. 

Priestley was in Paris in the autumn of 1774 
and communicated his discovery of oxygen to the 
great French scientist Lavoisier (Priestley, 1774- 
7). With this knowledge, Lavoisier was able to 
make sense of the phenomenon of combustion and 
to demonstrate the fallacies in the old Phlogiston 
Theory, which had been holding back the pro- 
gress of chemistry for so long (Lavoisier, 1799). 
He also did much work on respiration with his 
assistant Seguin (Grimaux, 1899). The function 
of the lungs was now much easier to understand 
and so gradually the idea grew up that by breath- 
ing the newly discovered gases (oxygen, nitrous 
oxide, hydrogen, etc.) pulmonary diseases, and 
other disorders as well, might be cured. 

In 1792, on account of his sympathies with the 
French Revolution, Thomas Beddoes, a friend 
of Priestley, withdrew from the conservative 
atmosphere of Oxford where he had held the 
Readership in Chemistry since 1778. In the fol- 
lowing year he settled in Bristol where he built 
up a flourishing practice and, always alive to new 
developments, began to treat many of his patients 
with “factitious airs” (manufactured gases) from 
his laboratory. These gases were mixed with large 
quantities of atmospheric air and breathed out 
of silk bags or bladders by means of a special 
mouthpiece. Beddoes soon began to publish 
accounts of this mode of treatment, also entering 
into detailed correspondence on the subject with 
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others of the medical profession, and it was not 
long before he became the acknowledged leader 
of the new school of “pneumatic medicine”. In 
the next few years pneumatic medicine had be- 
come widely known and extremely popular and 
the use of “factitious airs” even reached the ears 
of the King himself. Sir William Chambers 
(Knight of the Polar Star of Sweden) who, as 
architect to George III, had built diverse temples 
and the famous pagoda in the gardens of the 
royal palace at Kew, wrote to Beddoes of his 
recovery from dropsy by inhaling oxygen. “I was 
able to pay my respects to his Majesty, who com- 
plimented me much on my good looks, and made 
many inquiries respecting the vital air” (Beddoes 
and Watts, 1794) but, alas, in less than a year 
Sir William was dead. 

Beddoes had taken James Sadler, “the aero- 
naut”, with him from Oxford as “machinist” for 
his laboratory, but the apparatus he made for it 
was unnecessarily complicated (Stock, 1811). 
Later the famous engineer, James Watt, joined 
Beddoes and designed the required equipment 
for making and inhaling the gases (Slatter, 
1960a). Watt also designed smaller apparatus 
which could be purchased by practitioners and 
the public alike, so that everyone should have the 
benefit of inhalation therapy. 


THE MEDICAL PNEUMATIC INSTITUTION 


Three of Beddoes’ friends* “conceived that some 
good might arise from an experimental investi- 
gation of those physiological conjectures” which 
he had published, and planned an Institution to 
combine both laboratory and clinic. They were 
also prepared to help him financially. “They 
agreed to risk with me [Beddoes] the sacri- 
fice of two hundred pounds each”, and 
public subscriptions were canvassed. “Such an 
Institution should be conducted with a view to 
the attainment of two objects.—1. To ascertain 
the affects of these powerful agents in various 
diseases; and 2. To discover the best method of 
procuring and applying them.” 

Bristol, a very important and wealthy city close 
to the Spa of Clifton, which attracted an unending 
flow of invalids, seemed therefore an ideal situa- 


* Mr. William Reynolds, and Mr. Joseph Reynolds, 
of Ketley, and Mr. William Yonge, surgeon of 
Shifnal, Shropshire. 
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tion in which to start the venture, but although 
these suggestions were first made “at the close 
of 1792”, funds were slow to accumulate and it 
was not until the end of the century that money, 
staff and accommodation were all available. The 
post of Superintendent of the Pneumatic Institu- 
tion Beddoes gave to a young man who seemed 
to possess exceptional ability, whom he had met 
through mutual friends while on holiday at 
Penzance, Cornwall, in 1798. As soon as arrange- 
ments were settled, the new Superintendent— 
Humphry Davy—commenced his duties at 
Bristol. 

The Medical Pneumatic Institution, opened in 
1799, was at first a great success and patients 
flocked to its doors, but the vogue of pneumatic 
medicine was already declining in favour, 
although Beddoes himself was still enthusiastic 
about it. He was so sure of the healing powers 
of the gases that he published accounts of their 
supposed virtues on very flimsy evidence. 
Unfortunately he did not make a sufficient dis- 
tinction between the different kinds of gases or, 
even less excusably, between the different types 
and stages of disease, and as so often happens 
when new medical treatments are introduced, 
doubt and prejudice also stood in the way of 
progress, aided by the disappointment of the many 
who, already incurable but ever hopeful of 
miracles, in their disillusionment caused others, 
who might have been helped, to turn away. 
Little by little the numbers of patients fell. 
Beddoes’ radical politics had aroused adverse 
public opinion, and, as there was no evidence to 
support his rash claims for the factitious airs, all 
reports from the Institution were received with 
suspicion. Curious happenings suggested char- 
latanism or, even worse, co-operation with the 
devil. Beddoes “prevailed on a courageous young 
lady (Miss —) to breathe out of his pretty green 
bag, this delightful nitrous oxide. After a few 
inspirations, to the astonishment of everybody, 
the young lady dashed out of the house, when, 
racing down the square, she leapt over a great 
dog in her way, but being hotly pursued by the 
fleetest of her friends the fair fugitive, or rather 
the temporary maniac, was at length overtaken and 
secured, without further damage” (Cottle, 1837, 
p. 37). Such scenes did not inspire confidence 
from an already distrustful public. 
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The reader, however, must not be misled by 
this amusing anecdote (and by others that are 
quoted later on) into thinking that the work of 
the Pneumatic Institution was not seriously con- 
cerned with the clinical treatment of disease. This 
would be very far from the truth. Yet no con- 
clusive proof was gained of the good of pneu- 
matic medicine and Beddoes’ spirits became 
sadly dampened as time went on. He had anti- 
cipated that many cures would result from 
inhaling the new gases and was bitterly disap- 
pointed when none resulted. After Davy’s 
departure to the Royal Institution in 1801, 
Beddoes took less interest in pneumatic medicine, 
turning his attention instead to the possibilities 
of preventive medicine. Two years later he opened 
a new “Institution for the Benefit of the Sick and 
Drooping Poor”, with a clinic right in the slums 
of Bristol (Stock, 1811, p. 318). Here he was 
able to bring medical aid to the lower classes, 
whose welfare had always been of great concern 


to him. 
NITROUS OXIDE 


While at the Pneumatic Institution, Davy tended 
perhaps to neglect his clinical duties by spend- 
ing too much time in the laboratory. Although 
this practice may have contributed in some 
measure to the failure of the Institution, yet it 
was these studies that started Davy along the 
path to fame and, by another way, led to the dis- 
covery of anaesthesia. Beddoes and Watt had 
equipped their laboratory with all the latest 
and best apparatus for research into gas chemistry. 
Here, encouraged by Beddoes, Davy was free to 
indulge his flair for chemistry, and his first major 
contribution to the world of science—Researches 
. . . chiefly concerned with Nitrous Oxide pub- 
lished in 1800—contains details of the work he 
did at the Institution. In this book Davy describes 
not only the chemistry of this gas, but also dis- 
coveries on its respirability. 

Since the work of the Institution lay primarily 
in the breathing of gases, Davy had conscien- 
tiously tried them all on himself. The bookseller 
and writer, Joseph Cottle (1837) states that “no 
personal danger restrained him from determin- 
ing facts, as the data of his reasoning”, and his 
zeal sometimes overstepped the bounds of 


common sense. “He seemed to act, as if in case 
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of sacrificing one life, he had two or three others, 
in reserve, on which he could fall back, in case 
of necessity.” Davy was particularly delighted 
with the “highly pleasurable thrillings” produced 
by inhaling nitrous oxide. He had at first breathed 
the gas out of scientific curiosity and was so sur- 
prised at the results that he felt the need to 
repeat the trials under different circumstances to 
prove its “powers”. From these repeated inhala- 
tions one physiological result soon became clearly 
obvious; that nitrous oxide can cause addiction. 
“Between May and July, I habitually breathed 
the gas, occasionally three or four times a day 
for a week together; at other periods, four or five 
times a week only (Researches, p. 462). Davy 
seems at first not to have realized his condition. 
“T ought to have observed that a desire to breathe 
the gas is always awakened in me by the sight of 
a person breathing, or even by that of an air-bag 
or an air-holder” (ibid., p. 493). Nor was he the 
only one to be thus affected for, from their 
accounts, the other members of the staff and his 
friends all breathed nitrous oxide on a good many 
occasions, a few of them even attaining Davy’s 
addicted state. “The desire of some individuals 
acquainted with the pleasures of nitrous oxide 
for the gas has been often so strong as to induce 
them to breathe with eagerness, the air remaining 
in the bags after the respiration of others” (ibid., 
p. 556). 

Beddoes (quoted Cottle, 1837, p. 37) “was 
desirous of collecting the testimony of others, for 
which purpose he persuaded several of his friends 
to breathe this innocent, but exhilarating nitrous 
oxide” and to record their experiences. “Many 
of the individuals breathed the gas from pure 
curiosity. Others with a disbelief of its powers” 
(Davy, 1800, p. 533 et seq.). This plan com- 
menced as a scientific study with the control 
measure of giving to some, without their know- 
ledge, a bag of common air to breathe instead, 
“to ascertain the influence of imagination”. But 
these laudable trials soon degenerated into mere 
sport with the additional joke of the common air 
bag being played on the sceptics. Mr. M. M. 
Coates said: “When I sat down to breathe the gas, 
I believed that it owed much of its effect to 
the predisposing agency of the imagination, and 
had no expectation of its sensible influence on 
myself. Having ignorantly breathed a bag of 
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common air without any effect, my doubts then 
arose to positive unbelief.” However, on breathing 
nitrous oxide, this rather pompous-sounding 
gentleman goes on to say: “After a few seconds, 
I felt an immoderate flow of spirits, and an irres- 
istible propensity to violent laughter and dancing, 
which, being fully conscious of the violence of 
my feelings, and of their irrational exhibition, I 
made great but ineffectual efforts to restrain; this 
was my state for several minutes. During the rest 
of the day I experienced a degree of hilarity 
altogether new to me. For six or seven days 
afterwards, I seemed to feel most exquisitely at 
every nerve, and was much indisposed to my 
sedentary pursuits” (Davy, 1800, p. 531); such an 
exhibition must have appealed strongly to Davy’s 
boyish sense of fun. 

Cottle (1837) related that “The Pneumatic 
institution, at this time, from the laughable and 
diversified effects produced by this new gas on 
different individuals, quite exorcised philoso- 
phical gravity, and converted the laboratory into 
the region of hilarity and relaxation”. The reader 
may be amused by further extracts from the 
testimonies of some of Beddoes’ and Davy’s 
friends, many of whom were famous men. 


Detail of Mr. J. W. Tobin, who “experienced 
sometimes sublime emotions with tranquil gestures, 
sometimes violent muscular action, with sensations 
indescribably exquisite” (quoted Nicholson's J., 1800). 
“] threw myself into several theatrical attitudes, and 
traversed the laboratory with a quick step; my mind 
was elevated to a most sublime height. 


Letter from Dr. Peter Roget: “I seemed to lose 
the sense of my own weight, and imagined | was 
sinking into the ground. . . . My ideas succeeded one 
another with extreme rapidity, thoughts rushed like 
a torrent through my mind, as if their velocity had 
been suddenly accelerated by the bursting of a barrier 
which had before retained them in their natural and 
equable course” (Davy, 1800, p. 509). 


Detail of Mr. S. T. Coleridge: “I could not avoid, 
nor indeed felt any wish to avoid, beating the ground 
with my feet; and after the mouth-piece was removed, 
I remained for a few seconds motionless, in great 
extacy” (ibid., p. 517). 

Detail of Mr. Wedgwood: “I became as it were 
entranced, when I threw the bag from me and kept 
breathing on furiously with an open mouth and hold- 
ing my nose with my left hand, having no power to 
take it away though aware of the ridiculousness of 
my situation. . . . | had a very strong inclination to 
make odd antic motions with my hands and feet. 
When the first strong sensations went off, I felt as 
if I were lighter than the atmosphere, and as if I 
was going to mount to the top of the room” (Davy, 


1800, p. 519). 
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Detail of Mr. Lovell Edgworth: “I . . . felt a strong 
ropensity to laugh, and did burst into a violent 

t of laughter, and capered about the room without 
a power of restraining myself” (Davy 1800, 
Pp. 

Patric Dwyer had “always exhibited a ludicrous 
struggle between a propensity to laugh, undoubtedly 
produced by the air, and an eager desire to continue 
the inhalation” (quoted Nicholson's J., 1800). 


Mr. George Burnet “had never heard of the effects 
of the nitrous oxide” but after inhaling six quarts 
of it felt “a delicious tremor of nerve, which was 
rapidly propagated over the whole nervous system” 
until he all but “fainted in extacy”. This was suc- 
ceeded by a state “uncommonly serene and tranquil. 
Every nerve being gently agitated with a lively en- 
joyment”, and for the rest of the day he experienced 
“a flow of spirits not merely chearful, but unusually 
joyous” (Davy, 1800, p. 520), 


Mr. Robert Southey “has since poetically remarked, 
that he supposes the atmosphere of the highest of 
all possible heavens to be composed of this gas” 
(quoted Nicholson's J., 1800). 


Beddoes himself said: “Immediately afterwards 
I have often caught myself walking with a hurried 
step and busy in soliloquy. The condition of 
general sensation being as while hearing chearful 
music, or after good news, or a moderate quantity 
of wine” (Davy, 1800, p. 544); and Davy 
“Sometimes I manifested my pleasure by stamping 
or laughing only; at other times, by dancing round 
the room and vociferating” (Davy, 1800, p. 461).* 
It is of small wonder, therefore, that the public 
looked askance at the “work” of the Institution. 

But Davy and Beddoes were both hard workers, 
and it must not be thought that no serious obser- 
vations were made. Davy had been apprenticed 
to a doctor before moving to the Pneumatic 
Institution and had planned a medical career. He 
breathed the various gases made in the laboratory 
on different occasions to see if they had any 
effect on the digestion, capacity for work, ability 
to sleep, etc. With regard to nitrous oxide he 
records that the pain of the wisdom tooth he was 
just then cutting was “always diminished after 
the first four or five inspirations . . . and uneasi- 
ness . . . swallowed up in pleasure”; headaches 
were either “wholly removed” or at least eased. 
Often he lost consciousness for a few moments 
(Researches, p. 465). Among his conclusions Davy 
made the now famous observation, “As nitrous 


* Beddoes (1760-1808) and Davy (1778-1829) both 
died in middle life and the quantity and vari of 
gases they tried out on themselves may well have 
contributed to their early demise. 
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oxide in its extensive operation appears capable 
of destroying physical pain, it may probably be 
. used with advantage during surgical operations 
in which no great effusion of blood takes place” 
(loc. cit., p. 556). In the light of subsequent 
knowledge, he appears to have been on the thres- 
hold of anaesthetic discovery. But, on reflection, 
it is obvious that Davy was not the one to make 
it, as his thoughts were so much concerned with 
chemistry and science. Why others should not 
have perceived and followed up these hints is less 
understandable. Yet Davy had not stressed them 
in any way and the majority of doctors of that 
period would not have been sufficiently mentally 
prepared to notice and act on these implications, 
for Georgian England was still basically a harsh 
and brutal age in which pain was of very little 
moment. 

After his appointment as Assistant Lecturer 
in Chemistry at the newly formed Royal Insti- 
tution in London, Davy seems to have settled 
down to serious work, but his pranks with nitrous 
oxide were not forgotten. He had demonstrated 
the effects of inhaling the gas in one of his lectures 
and other chemists followed suit. So began the 
era of “frolics” both private and public; demon- 
strations with the “laughing gas” drew crowded 
audiences in much the same way as hypnotism 
on the stage filled the theatres a few years ago. 
Curiously enough in the years immediately pre- 
ceding the birth of anaesthesia, hypnotism had 
been tried with some success for performing 
painless operations. 


The inhalation of “factitious airs” as a general 
means of curing disease seemed to die out gradu- 
ally with the passing of the eighteenth century. 
William Wright (1829) surgeon-aurist to Queen 
Charlotte, used carbonic acid gas (carbon 
dioxide) in his practice—directing a stream of it 
into an ulcerated ear—as he knew of its pain- 
killing and sweetening properties (Slatter, 1960b). 
He also gave his patients ether to inhale as a 
sedative, finding it particularly useful to allay the 
pain attendant on the examination of a sensitive 
ear. Wright had started his career in Bristol, the 
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centre of pneumatic medicine, and clearly knew 
of the work done there with “factitious airs”. 
His remarks on this subject were very shrewd: 
“Such has been the quackery relative to the 
administration of aérial fluids, that it has dis- 
gusted most of the medical profession and caused 
agents that are probably very useful, under proper 
modifications, to be abandoned.” 

None the less it was through Beddoes’ fanatical 
enthusiasm for “factitious airs” and Davy’s zest 
for nitrous oxide that the great blessing of anaes- 
thesia ultimately came into being. Thomas 
Beddoes, however, the “great Empiric of Bristol” 
(“Amicus”, 1809), died in 1808 only forty-eight 
years old, a sad and disappointed man and, in his 
own opinion, a failure. Had he lived to a ripe old 
age he would have seen that not only were 
several of the “factitious airs” of real value in 
medicine, but that two of them possessed an out- 
standing quality, a power that had been searched 
for in vain for centuries and that would revolu- 
tionize the medical and surgical world. Beddoes 
was a humanitarian and it would have rejoiced 
his heart had he lived to see the advent of anaes- 
thesia. 
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VOMITING AND HEAD UP POSITION 
Sir,—Regurgitation or vomiting during induction 
is still one of the major hazards of anaesthesia 
for emergency surgery. Hodges et al. (1959) and 
Snow and Nunn (1959) have recently reported 
on the relative safety of intubation in the head- 
up position, as originally advocated by Morton 
and Wylie (1951). 

The method depends on the near-simultaneous 
production of unconsciousness and relaxation of 
the abdominal musculature. It is then argued that, 
even if the valve-like action of the cardiac 
sphincter fails, the hydrostatic pressure exerted 
by the column of fluid in the oesophagus will 
be sufficient to counterbalance the raised intra- 
gastric pressure. Success is dependent on tech- 
nical facility and a thorough understanding of 
the known physiology. I would like to comment 
on some aspects of the latter. 

Firstly, the degree of tilt advised (40 degrees 
in the most recent paper) is calculated to over- 
come the maximum intragastric pressure recorded 
by O’Mullane (1954) in ten cases in whom he 
noted marked distension of the abdomen. It is 
quite possible that greater pressures may occur. 
In any event, routine decompression of the 
stomach will encourage the natural valve at the 
cardia to re-form (Robson and Welt, 1959) and 
will also ensure that the oesophagus is empty— 
a most important point. A Ryle’s tube blocks 
easily and is, in many cases, more difficult to pass 
than the useful no. 12 E.G. oesophageal tube. 
Why then eschew the latter? 

Secondly, hypotension does occur during 
induction in this position, and it may be pro- 
found. The simple expedient of raising the legs 
10 degrees above the horizontal greatly modifies 
the hypotension and can be tolerated by most 
patients when sitting up. 

Furthermore, induction of anaesthesia with 
six breaths of 50 per cent cyclopropane before 
injection of the relaxant will produce uncon- 
sciousness without concomitant hypotension in 
most cases. 


Thirdly, obstruction to the airway has been 
shown to cause failure of the valve-like action of 
the cardia (O’Mullane, 1954). Similarly inflation 
of the lungs may drive oxygen into the stomach 
and allow reflux of gastric contents. If pre- 
oxygenation is routinely practised, inflation is 
unnecessary and the mouth can be observed con- 
tinually—a further safeguard. 

Fourthly, some deaths occur from overseda- 
tion and aspiration of vomit before the induction 
of anaesthesia (Sinclair, 1959), and premedication 
should therefore be minimal. 

A final tip—inflation of the cuff can be expe- 
dited by attaching the inflating syringe before 
passing the tube. This may save valuable seconds. 

Whilst congratulating the authors on these two 
series of cases, it must be emphasized that a true 
assessment of the safety of a technique can only 
be achieved by studying a series of cases under 
properly controlled conditions. The anaesthesia 
must be in the hands of those who would com- 
monly use the technique, that is to say Registrars 
in busy hospitals, and the cases must be allocated 
randomly to the test or control series after a 
decision has been made concerning the risk of 
aspiration. Only after the completion of such a 
trial shall we know whether the safety of the 
head-up technique is real or merely due to 
sleight of hand! 

M. K, 
Department of Anaesthesia, 
Postgraduate Medical School, 
London. 
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Sir,—The paper by Drs. Snow and Nunn (Brit. 
J. Anaesth., 1959, 31, 493) on the induction of 
anaesthesia in the feot-down position must surely 
rank as one of the most important of recent 
publications. It provides confirmation of the belief 
of many anaesthetists that this is the most satis- 
factory way of dealing with a difficult situation. 

I should like to give some evidence in support 
of their reluctance to use a wide-bore stomach 
tube in seriously ill patients. I have recently 
heard from Dr. E. Waing-Andersen of a case 
in which regurgitation and fatal aspiration oc- 
curred in a patient with intestinal obstruction, 
whilst such a tube was being passed in the ward 
prior to surgery. This is unlikely to be an iso- 
lated instance, but because such things occur on 
the ward before the patient reaches the anaes- 
thetist, they are not classified as deaths due to 
aspiration, and are seldom recorded. It is also 
worth noting that these patients, with their de- 
pressed reflexes, may vomit and aspirate if they 
are operated upon under local or spinal analgesia. 

AILEEN K. ADAMS 


Copenhagen Amts Sygehus, 
Denmark 


EXPLOSIVE PROPERTIES OF HALOTHANE-ETHER 
AZEOTROPE 

Sir,—Following the publication in your Journal 
(Brit. J. Anaesth., 31, 2, February 1959) of a 
laboratory investigation by Raventés and Dee of 
the properties of azeotropic halothane-diethyl 
ether and the statement that there could be a 
risk of explosion with this mixture, determina- 
tions were made of the flammability ranges of the 
azeotrope by the Dominion of Canada Depart- 
ment of Mines and Technical Surveys. I am 
informed by them that the flammability range of 
the mixture in oxygen is as follows: 
Lower limit 7.25 per cent; Upper limit 67 per cent. 

It has also been determined that the mixture 
will not propagate flame in air and that it has no 
flash point, as the vapours cannot be set on fire 
even when the liquid is boiled. 

The lower flammability limit of the mixture 
in oxygen thus is similar to the one determined 
by Raventés who gives the lower limit as being 
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8 per cent. Raventdés thinks that concentrations 
exceeding this limit may be needed for induction 
of anaesthesia. There is no need to induce anaes- 
thesia with the azeotrope alone and we have found 
in clinical usage that a concentration of 4 per cent 
need not be exceeded if induction is with nitrous 
oxide 80 per cent and oxygen 20 per cent and 
halothane-diethyl ether. Indeed in many cases 
1.5-2 per cent of the azeotrope is adequate for 
induction with nitrous oxide, while 0.5 per cent 
or less suffices for maintenance with 65 per cent 
nitrous oxide. 

Therefore for all intents and purposes the 
azeotrope is not flammable in clinical ranges and 
can be used safely in the presence of a source of 
ignition. In view of the easier handling and the 
greater margin of safety of the mixture as com- 
pared with halothane, I would recommend that 
it be more widely tested. Experimental evidence 
of its greater margin of safety has been obtained 
in experiments on volunteers conducted in this 
department; results will appear in print shortly. 
A clinical series of close to 2,000 cases has done 
nothing to discourage us in our favourable 
opinion. 

Gorpon M. Wyant 
Professor of Anaesthesia, 
University of Saskatchewan, Canada 


PREMEDICATION FOR CHOLECYSTECTOMY 
Sir,—I have read with interest the article by Dr. 
Kjellgren on The Influence of Morphia and 
Pethidine on Biliary Duct Pressure after 
Cholecystectomy, in the January issue of the 
journal. 

I feel it a pity he did not include amidone 
in his investigation, for this would appear to be 
the only drug at present available which is both 
an effective analgesic and at the same time relaxes 
the sphincter of Oddi. It should, in my view, be 
the analgesic of choice in the premedication for 
cholecystectomy. It should probably also be the 
postoperative analgesic of choice, for it appears 
to be the one which can produce effective anal- 
gesia with minimal reduction in tidal volume. 

W. N. ROLLASON 


Aberdeen Royal Infirmary 
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trophenium 


REGD. phenactropinium chloride 


an agent for the production of controlled hypotension during 
general anaesthesia, providing ganglion blockade without direct 
vasodilator action. This original product of the Duncan Flockhart 
Research Laboratories is now available in the new, more conven- 
ient, pack of 20 ml. (1,000 mg.) in a box of 6 injection-type vials. 


“The use of a homatropinium derivative to produce controlled 
hypotension” Brit. J. Anaesth. 29, 342, 


“Comparison of two hypotensive agents” Anaesthesia, 14, 53. 


“The use of Fluothane and Trophenium in anaesthesia for the 
surgery of deafness”’ Scot. med. J., 3, 496. 


DUNCAN FLOCKHART OF EDINBURGH 
The Doctors’ House 


Duncan, Flockhart & Co. Ltd., Edinburgh 1) 


| 
| 
| 
j 
| 
= 


BRITISH JOURNAL OF ANAESTHESIA 


VOLUME XXXII, No. 4 Published monthly 
Annual subscription (post free): Inland £3 15s.; Overseas £4 4s.; U.S. and South Americas $12.00 


APRIL 1960 


CONTENTS 
PAGE PAGE 
anaesthesia period. II: Mode of 
The use of Coomassie Blue in Cardiac Andre Smessaert, M.D., St. Vincent's 
Output Determination in Man under Hospital, New York, Claire A. Schehr, 
M.D., and J. F. Artusio, jt. M.D., 
‘ei Department of Anesthesiology, The 
By P. J. Armstrong, M.B., F.F.A.R.CS., New York Hospital, Cornell Medical 
F.F.A.R.A.CS., D.A., and J. P. Payne, Centre, New York, U.S.A. 
M.B., F.F.A.R.CS., D.A., Department of 
Anaesthesia, Postgraduate Medical 
School of London, London, England. Meprobamate in Tetanus 186 
David Zuck, M.B., Ch.B., PFARCS. 
The Interactions of : Trimetaphan D.A., Chase Farm Hospital, Enfield. 
(Arfonad) Suxamethonium and Cho- Middlesex, England. 
linesterase Inhibitor in the Rat ... 156 
W. Curtis Pearcy, M.D., and Elizabeth Atropine in the Treatment of Sains 
S. Wittenstein, M.D., Division of Anes- S 190 
thesiology, University of Colorado pesm e+; 
Medical Centre, Denver, Colorado, M. Rosen, M.B., Ch.B., F.F.A. RCS. 
re Department of Anaesthetics, The Royal 
Infirmary, Cardiff, Wales. 
CLINICAL 
Anaesthesia for ieee of GENERAL INTEREST 
the Globus Pallidus... ... 160 Disinfection of Anaesthetic Face Masks 
David G. Hurter, M.B., BS., ‘ (reprinted) 192 
F.F.A.R.C.S., London. F. O. MacCallum, M.D. and W. C. 
The Clinical use of Halothane Anaes- tory and Ai 
thesia during Cardiopulmonary By- Colindale, England. 
pass for Open Heart Surgery... .. 164 
A. B. rt ChB. FF ARCS: HIsTory 
J. Ozinsky, an 
G. G. Harrison, M.B., Ch.B., The Evolution of Anaesthesia. etc 
F.F.A.R.C.S., Department Anaesthesia. matic Medicine 194 
C. T th Africa 
Enid  Slatter, B.Sc. MLInt Se. 
uffie epartment of Anaesthetics, 
Cardiac Arrest following Administration The Radcliffe Infirmary, Oxford, 
of a High Concentration of Halothane England. 
V. Torry Baxter, MB. “ChB. Book REVIEWS ... 159, 170, 180 
F.F.ARC.S., of — 
mary, Bristo 


JOHN SHERRATT & SON Publishers PARK ROAD ALTRINCHAM ENGLAND 


{ 
: 
wet 
: 
= 
Wi 
que 


